22 February 2006 SPECI FI CATI ON SULFURI C ACI D RYCYCLE APPARATUS BACKGROUND
OF THE INVENTION 1. Field of the invention: [0001] The invention rel ates

to a sulfuric acid recycle apparatus, which cantle sui ly a | ed, e.qg.,
to a recycle apparatus for recycling sulfuric acid whi éﬁ%ﬁr“ﬁ&e}%dogor a

waf er process in a sem conductor fabricating process. 2. Related Art:
[0002] A large quantity of wafe ' I d prepared by m xing

sul furic acid with hydrogen perggﬁgg&gg}gﬂﬁ&ﬁ has been conventionally used
in a sem conductor fabricating process for exfoliating resist applied to a
waf er and for renovin i t.uc urface of the wafer.
Upon conpl etion of a mﬁéﬁ@ﬁ&ﬁ%&g&@ﬁ@m§cl eaning fluid
beconmes wasted fluid (hereinafter referred to as a wafer cleaning waste

fluid), and the wafer cleaning waste fluid is |lowered in concentration
owing to water which iBAEMBgEﬂNRIO@eMINVEI\BBIQN hydr ogen per oxi de
sol uti ony ﬁ“?eqdoz%ﬂgq.n%lﬂig?zqi fficult to be recycled. Further, since a
wasting cost and a "colfTéecting cost of the wafer cleaning waste fluid are
cheap, wgd@)1]cl eaThednvension related tos valfurd aeid récyicke appafthsHedsvler

consi deri ngyt he ,ocqurrence of today's genvironnental r,obl emwhi ch.is
Caused byalbeRutaARlN agplietahe 119 HrodalaRBPaEaFEs fon Reskeling SHITHFY Bfid by
repetiti weivh Veakbd SorSd Whfer PPEQEs ¢h aadtimidoM@edter Fhbvichtilg peedskNg process
of the wafer cleaning waste Tluid is not preferable in view of

count er nBas ltedatedgArtast environnental protection even if a wasting cost

t her eof | eap'. [ ] her | L i ' ﬂmﬁgrf ul
chem cal t‘?ﬁ‘?@t roné P%%%dﬁﬁeﬁh?f %far?no bczéﬂlmgis‘iéelgugcg Iﬁ‘teﬁlsgeégm §Irllee be
wast ed asubfuriz awdtwithi ednogen peroxilessdution diessbern aonventiwiagdly asedn

s o S RB e ToB ai SEle A e LITBAET e PSR 1 B

wast e pr fes afifl for lrbiovingantorga®idhlatéaceridknel the surfac af thar wafeor t ant

pr obl em &?pornecci:ggleplg&ogngy rtlztt wla eg (I::lggxru%lagr %:rgge%g, the wafer cleaning fluid
becomes wasted fluid (hereinafter referred to as a wafer cleaning waste fluid),
and the wafer cleaning waste fluid is lowered in concentration owing to
water which is produced by decomposition of hydrogen peroxide solution, and
hence it is difficult to be recycled. Further, since a wasting cost and a
collecting cost of the wafer cleaning waste fluid are cheap, wafer cleaning
waste fluid is wasted as it is.
[0003] However, considering the occurrence of today’s environmental
problem which is caused by using a large quantity of such a wafer cleaning
fluid and by repetitively wasting such a wafer cleaning waste fluid, a
wasting process of the wafer cleaning waste fluid is not preferable in view of
countermeasures against environmental protection even if a wasting cost
thereof is cheap.
[0004] Further, since sulfuric acid per se is powerful chemical of strong
acidity, it cannot be wasted as it is, but need be wasted after a neutralization
process and cohesion and precipitation processes are applied thereto.
Under such circumstances, there is a problem that a large quantity of

chemicals are required for effecting waste process of sulfuric acid.

. [0005] Accordingly, it is a very important problem to reduce an amount




of wasted sulfuric acid in view of countermneasures agai nst environnental
protection, and there has been desired devel opnent of techniques for
concentrating sulfuric acid which is lowered in concentration upgo

conpl etion of a wafer cleaning process to prepare sulfu??@bgﬁ?6“§®6as to be
recycled for the same purpose. SUMVARY OF THE | NVENTION [0006] It is an

obj ect of the inv ntion_to_ rovide a_ sulfuric acid recycle apparatu

capabl e of ol WAstad FUliRg adifrify vievaef gounfermeasures, REAMIL| NVIEGHEEM A at i on
upon_conpl gjtedticd, andekRErs IBANHRENPHESIPES ddvlGpmene! oft Fedniqhiesyelked.
[0007] It is a first aspect of the invention to provide a sulfuric acid
recycl e appurcantrating swdyoci agiduwhigh cisadpwered aimafencenteatiomguppni d
prepared b L%l f UL ' ] r Xl sQlmt o ein
Phe: appar ofCTAPISGISR P Water AEhind! ihcup b Brbo R tlrificaiarabous BBEC |

| east an irdeycldddor tlse pamie puxgpoaedi scharge port for obtaining concentrated
sul furic acid by concentrat,i ' e I er cleaning waste
fluid introduced fromt hegm%ﬁgmmwg letion of a wafer
cleaning [@0OBESS. IthsarflbbfelfbPitRE ihPEntEoN €6 Profideda sulfutid ScidCledyéleom t he

di scharge port, and a_wafer processing bath for processing wafers, and a
suppl y uni #Ppaniatus ganaple gof weneemzatingasulfusigl agid, c whichy iSo leweraghin,

processi ng, g 0 1154+ ' oll I of the
vent  on CpeRtratil Bporl B giSuioh M £ e ealad ok, B APRIECLY B

cl eani ng weesyeledf | uid, or water and the |like which are produced by
deconposi t f hydr.ogen er oxi de | ution,.thereby concentyatd ng .

sul furic a@g??andﬁéﬁu?nﬁ% ?%cgcoéﬁt@’eenfl?%y%fﬁ?fﬂﬁvﬁ%@i 8“%@5‘1%‘9?8 t he
waf er proceggtled apphfate® &6 trecyditue salfuiid fagid dpac dvafert Heanfifgefluideani ng
process. [0009] q‘{g)e re;a,(:tionl bath ti&]ﬁ i%ntion may. havle a construction
capabl e of PLAPate théXWﬁ sulfurig Apl (o ol R . gﬁﬁ‘d’etré?‘rﬂ?r%ﬂppyntﬂ FES'R at
the tinme Qe sppmAthE %h:g:ﬂ—iﬁso&%éeti&i“ﬂ»a@ﬁ‘\ﬁdwng%vroo@é}{ln §Yoihad of agal nst
sul furic acid and hydrogen peroxi de sol ution under concentration

condi ti onsleastTap indtndudtierhpert ang sdisehargeport for obtaining goneentrated1o]

For the s - Lni r ' tr i waf er

br ocessi nor B Htd, b cohBRrA A SRRGAR'ACRL B o Wapbd, closPitle (asth 1Fil7
introduced from the introduction port upon completion of a wafer cleaning

process, then discharging the concentrated sulfuric acid from the discharge
port, and a wafer processing bath for processing wafers, and a supply unit for
supplying the concentrated sulfuric acid to the wafer processing bath,

[0008] That is, the sulfuric acid recycle apparatus of the invention
removes residual hydrogen peroxide solution from the wafer cleaning waste
fluid, or water and the like which are produced by decomposition of hydrogen
peroxide solution, thereby concentrating sulfuric acid, and returning the
concentrated sulfuric acid again to the wafer processing bath so as to recycle
sulfuric acid in the wafer cleaning process.

[0009] The reaction bath of the invention may have a construction
capable of storing the wafer cleaning waste fluid temporarily therein at the
time of concentration process, and having corrosion resistance against
sulfuric acid and hydrogen peroxide solution under concentration conditions.
The reaction bath may be made of e.g., quarts glass.

[0010] For the supply unit for supplying concentrated sulfuric acid to
the wafer processing bath, e.g., a pump serving as a unit for supplying a fluid



22 February 2006 owing to the difference in pressure may be used. In this
case, although the concentrated sulfuric acid can be directly supplied
fromthe reaction bath to the wafer processing bath, it is preferable to
provi de a cooling bath between the reaction bath and tﬁ%Fﬁ%ﬁﬁﬁy%ﬂqécessing
bath considering a case where the sulfuric acid is heated when it is
concentrated, or a case where the concentrated sulfuric acid has ihhigh

t enper at ur@vingoto theedifignenes in pressurg may be usedy ylpthis cagealihenalytheunp,
and vario \/ d; ' | jon,
fhe sal furioacaRtigel SHELERYCH call RFdir ANV SpARER HRIDANE 3chtion BEERLS
concent r atthegwafer mokéssing bath ditiia praferabliecio providma regoling bath betweemd t he
supply unit for supplying the thus obtaine oncentrated sulfyric.acid to
Thervat or thedeacaphpathand the urlet Riposbsiih hath RSl g Ppbe WASRE B as: o
fluid and diiflire@edci@ eisotedted OlvhiehORt G8NcdiRentr@Meéd Nk ahedasnGvli@enthd, and
the thus obtai ned concentrated gééfaﬁf&g@} acid can be supﬁl led to e waf er
[

processi n@%@ﬂtﬁa@ﬂ_ﬂ)é‘ll@é’y‘cﬁ@d : temperatuge. V\Ef’ért £ |RHRP 1¥cess.
Further, i bsal%%éxyﬁgﬁn&;? &8@%@?2&&??&%“&&& varﬁ%'&ﬁergjhn@;s%ﬁgssé

conprising’a wafer anirg pr centration process of sulfuric
acid in thaesedafer cleaning waste fluid and a recycling step of

concentr at | furjc aecid, ,wWaich is very.effigient, . S ost
vl vi ng D01EL or AftaRfinikytc e dukSatifh s SfbER acilondybl thboes

sul fur :c c &ﬁbmdﬁcﬂﬁhm@D?ﬁf batls fdsnaumganttﬁetil?gl) It_hg aulfurie aokl hialct,hé @mart]feheat i ng
units for heating the ‘er cleaning waste fluid is. provided inp, the
reaction ?Nl@ﬁdwésg%lﬁa%&sﬂfgrtg&%ﬁﬁ# (f?r éP?Pﬁ"&Pg i tﬁ)@ &msbagtﬂiflﬁf!uceq
from the vghebnfilabodsaRUMRSEAd th the WHTRR prbcdssinkeBAne DNcdoRdinglpabtes unit,

wherein a suction unit for sucking the gas is connected to the gas

di schar ge ipothe wafen 3jearing Wg,stca%m@wgﬁ nydoegers perexide cwplution cam be i n

t he waf er I ' t i r | | L4 n

sul furi o S5rseREatpL T Rrovd oOld HIRHIKURERRP B ABR IAOR dRAT
out si de ovdamgbé¢ suppliedhtaitlhé wdiféf processingtbath tobepecitliedegain flokase tmd

oo {HOMANS, 85 LSEN S RREL 04 SLRE A D ARSLASORN Rk s

it may be dfqirseeksel comprisipg 4 wafér leanhfPprocess, a concentration process of
sulfuric acid in the wafer cleaning waste fluid and a recycling step of
concentrated sulfuric acid, which is very efficient. As a result, a cost
involving in wafer cleaning process can be reduced.
{0012] With the sulfuric acid recycle apparatus having the foregoing
construction, heating units for heating the wafer cleaning waste fluid is
provided in the reaction bath and a gas discharge port 14 for discharging a
gas produced from the wafer cleaning waste fluid when it is heated by the
heating unit, wherein a suction unit for sucking the gas is connected to the
gas discharge port.
[0013] That is, although vapor is produced from water in the wafer
cleaning waste fluid or the hydrogen peroxide solution when sulfuric acid is
heated or concentrated, such a gas is not released to the outside owing to a
natural diffusion but it is positively sucked and removed from the gas
discharge port 14 formed in the reaction bath, thereby quickly concentrating
sulfuric acid.
[0014] For the heating unit, it may be formed of any type if it can heat

3



3 22 February 2006 the wafer cleaning waste fluid in the reaction bath, and
a heating nethod and the like is not limted to a particular one. That is,

it may be a unit capable of heating the reaction bath fromthe t si de or
a unit capable of heating the reaction bath fromthe iﬁ%iFggr“?Weﬁg)éf.
Particularly, if the heating unit is a type capable of directly heating

t he wafer ¢l eani.ng waste fl ui .the fer ¢l egning ste fluid c e
heated ef f} @ﬁf?ryclsﬁa{ngc&r?@éﬁgba i1Brth r%ﬁfﬂ?l?%?‘av#@ e st pidbod;
qui ckly. Fond YHENIREH nBY liHtelSto & piiticullavbng aTheRisrit /AP B a @ni@. , a
tantal um and tungsten which is covered with _quarts glass at the qerl phery

t her eof nespnsblesphepsing tho reaction bath from theneutside phe unlk carabla i r at or
and the i Virng . ' Ki W PA oRPRESSI on
may be errplllfg(;%/tz% 1’111? guc%noqlalryagislph&g? Zt?l%i y%‘r‘r%l%%ze, 'th%gllrte&glclgﬁg’nqﬁglﬁ can
be deconprissing unlitis hytypeospabbe ofi dheictly e gimg the fwafer eleasmng twagteof

hydr ogen pgr oxi solution so.as to aggelerate,the r val. of t er. ;and
hydr ogen pﬁ\'“dix(l gﬁe sﬁ'lag‘_?’i d ?a‘["é@l@‘]"f‘ﬁe &E‘“Bré’f‘@r ] 3‘3{’3&%( PR f’lﬂg_
reaction bgjteAtidtionAbf alRiric RRId ichhobe RIfficsd f@icldfanFopowh heseing ng
direction of wafer cleaning waste fluid, and an_inclipation pl afq% di sposed

at the por@miés upithavipgihbeaies madeef grgca ontalum srd tungstensghich s i on
pl ates for | LT | I t he surface
Pher oo . (a5 tth GABFASIUIRES RE the HebiBhbey pfdrof flay KEEAPRAG 10 11 L 1o
flow towdi0@l6he gd3umtherHar ¢he puctiomumit, dadaspiratoe andatde loke beringtaisl e t he
wafer cleaning.fluid.is verticall L rcul ated by canyv i

b ural i £y Sonip foking 5 4 bblizire RefotfRion el BRmIVed Y el .
when t hr eean pispiy@toris paiployednthy aésticar batlsedn e Heeaxhppensed; thereplyat e

positioned at fhe _iptroductiqgn port side of,the reaction bath. s di sposed
to be rerrglf)@feﬁ"r%?bﬁ mgas?mﬁa?mtpaaeﬁ&ﬂaﬁ ﬁéhy n@erpxide solytion se@syng

partition {l flglRadd thORGHOvAMAE Sftr drid b ehYerbgide dol@oR! ate is
di sposed to contact the bottom surface of the reactiaon Zath, whil e the

upper sur fi90d6bf t Hé iscprafarahiet tor poovide sine the regetion | a Blf»ﬁ‘la_httﬁa‘?f t hat
o L L LR 8 R B R Aoy 9
surface offlaite amhar oncloadtion nplabe disposednandhe sportion classt topthe igason
plate. discharge port rather than the partition plates for allowing concentrated
sulfuric acid to flow along the surface thereof. .

[0017] It is preferable to allow the wafer cleaning waste fluid to flow
toward the gas discharge port provided in the reactioﬁ bath while the wafer
cleaning fluid is vertically circulated by convection when a plurality of
partition plates are disposed in the reaction bath. That is, when three
pieces of partition plates are used, a first partition plate positioned at the
introduction port side of the reaction bath is disposed to be remote from the
bottom surface of the reaction bath, and a second partition plate positioned
adjacent to the first partition plate is disposed to contact the bottom surface
of the reaction bath, while the upper surface of the second partition plate is
positioned lower than that of the first partition plate, and a third partition
plate positioned at the gas discharge port side is disposed to be remote from
the bottom surface of the reaction bath in the same manner as the first
partition plate.

[0018] With the disposition of the partition plates as set forth above, the
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[0018] Wth the disposition of the partition plates as set forth above, the
4 22 February 2006 wafer cleaning waste fluid introduced fromthe

i ntroduction port noves from a gap defined between the | ower surface of
the first partition plate and the bottom surface of thd2fehaenoiath to
the second partition plate, and thus noved wafer cleaning waste fluid
noves to the third partition plate when it is filled up at the height

. . p
exceedi ng Vafer glganing wastedleid ingeodnced fepm theiintrgductipn pert mayes from ay s
bet ween th C i1 0ge-fh | | | fi tRer,
when conceﬁtgrsdg)t g%ﬁf? Etrv%%é}gg%dﬁ{)vg?aeen ?‘ﬁgf Pﬁ% ?ig%g?ﬁl?ﬁ%?lgﬁ git*% tgﬁd t he
i ncl i nat i obottbax surface of therebetion bathitotthe sesondipartitiondplage, ahd thpper

movee to t Mo gt ifer dehing siitte TRA3HAYAc e HEFPPEVLAR R, Hiide.
fluid can efiléedag atythechéight ercédiihg ithe appebeusfickiofithotseyorsd pastitiont ed.

[ 0019] Further, si,nce the_inclination plate is,proyided in,the reaction
bath so asp{]age’aﬁpév?/tc%ﬁx%rl?ﬁ‘é@%‘a tag) 568 F@ Rariion, p ?tﬁv@%‘i gh@ PRENAHPR 4 c e

thereof ang 4 OPFlPtHACwheAohPint?atdl s@fSHE a@fEbétvinothCOifE phi-aiie
sulfuric acid becones |large when it 1s supplied to the gas di scharge port,

while renblage asd the inclinatiam platelaaymitharehetyren atr eight exgeedingf ace

f the i | ' S, f . Ly .
qual 1ty or e abkn Puftalh Shofbottie A GlorBCAf Suthicor IE icinddiR BlaO
i ncl i nat i oannadveshtasthei gasedistlaargei et.t hacardinglyahet waferthemsing waste

concentratjon, of concenf.rate ul furic, acid apd.inprove a qualjty thereof.
Vhen the. | it gn,BE feAdily hedtarno i i 4t be sfiiefBy SheShtiefdhal i on
plate, a so8te arPgrtber!facé thel rlinabion! plate iBgnovRted i Ghe, rdadtibaby
eff|C|entI%/ renovin ter and the Iike., For a,_material of the partition

pl ates andPathe spres ithaaliom qansentrafedemdfuris agid itagfloworlons; the susfageance
against ! f1ofShihd Hrbis i Phélr@hctiUP Bl WRIAAM ErfAT & ceﬁﬁ‘?ﬁ!eci g%ggfc

quarts gI asq used I n the reactlpn_ qan al so err_p oyead.
Further, iacidsbhenosies kbige whan ithis seppliedrtobthé gassdmcharge povly whiler age

oot 2ot oA, A5 R e Rl R o
pr ef er abl einclinttioheplsté a6l i futher ageelepated, thetapoimgrovar i hmalditg of
br ocessed curnBRtedulfull At  Thap prefabiochat the SrlBation Blat fies
wat er dr op j¢i&hAdfities thereon so as to enhance concentration of concentrated sulfuric
acid and improve a quality thereof. When the irregularities are formed on
the surface of the inclination plate, a surface area of the inclination plate
becomes larger, thereby efficiently removing water and the like. For a
material of the partition plates and the inclination plate, a material having
corrosion resistance against strong sulfuric acid at high temperature can be
used, e. g., quarts glass used in the reaction bath can be also employed.
[0020] Further, it is preferable that the reaction bath has a waterdrop
storage bath capable of preventing waterdrop stuck to a ceiling surface of the
reaction bath from being mixed with concentrated sulfuric acid. It is
preferable that the waterdrop storage bath is disposed over the gas discharge
port so as to prevent water from being mixed with finally processed
concentrated sulfuric acid. Further, it is ideal that the waterdrop storage
bath is disposed to cover the lower portion of the gas discharge port if the gas
discharge port has been already formed in the reaction bath. With the



bath is disposed to cover the |ower portion of the gas discharge port if
the gas discharge port has been already forned in the reaction bath. Wth
the 5 22 February 2006 provision of the waterdrop storagﬁ bat h, ﬂé)b S
possible to prevent the concentration of concentrated Febrepy 2990d from

| owering, which is caused by the m xture of water, which is once renoved
fromthe wafer .cl eani waste, flujd, w,h,concentrat. ul furic.acid.
0021 1t POVisiERePhiRE Mateiep, Storagh halhy OB & sbRuble, WoRtersrath

sul furic agndenbiiatidn & bkantiatedyulfesitiacll foth eveghiy, waiichds vahssd by eani ng
waste fl uiq when sul furic acid,of concentra%iei_jr sul furi a(s:i dis redtéced.
For neanst ixtysglof water, whichs in ongq remmeyey Inom the waler gleaning yaste,
means for g ] 'iE'HcHﬂcc{lft?éﬁédsﬁhﬂﬁ"i‘%?ciﬂE:i d froma sulfuric acid tank, which

is installe separately 1n the sulfuric acid recycle apparatus, by a punp

like the d0pgLY udittis Pheferilylestpsupphy fresds sulfuirfaiacid 4ei epncentrated

trat | furj id W h | S .
Conory o filesie pd BpiG i obteinla PYhdRtE phdtoRlenthiify Rpatke TRANTRET @
concent r atwdsteuflhild wheaaulfinid acidest cohcomrabal walfaric clciahiy rgluvedt eFokui d i s

| ower than a desjred val.ue, oncentrati.gn. thereof .can be de hi gher. Even
with the e‘HﬁPB?rf%tS“BP?yl@&cfﬁe §H§§H¢ %Fﬁﬁ?t it isneossiRla o gRpPipyemsR r'ggh

sul furic gahphdd upefrefls FRIGHR Yol FPbRCH sGRUPRT £4d WhhlR, #hecls ¢s MithHedl | the
wafer cleaning Wwaste fluid are wasted. [0022] It is preferable that the

reaction teeparaelyas thermdfurigacideresweletannaratis, diyna pamp bikerthensupy t o

315C, nor e ) f : [ [ . ds
315C 1 noruRk DR eubpiVink ot Bianubi: df 16 0B B RIBRINUIRGIERRETS
limted t Wathtlghpfovisienadfithe isupplyateanisalr,a supplygirdt bagable iof supplyingance,
and al so sl nge t amount .of vapor ..produced in the reaction.paih .10

e aheos TrofE sttt REE, i pon SBfHrptiBh ot ibepbralted viBSTE, AR Bbbained
conpl ex. Goinhahet ReifePaflidanidg twastehdhiidngs t RARer ahaheal dekired whhie,150 C,

efficiency of concentration of . sulfurjc¢ . acid_(dehydration efficiency)
becones woioBgeBFation; thereal mt%mf@q bigheran Even Wkt[haElFﬁ SRRloymRpEof

DESCRI PTI Qi ol gﬁf\/ﬁﬁl@s th@O2RouHtd of lude® of AURMBhIfGri¥! G¥{dSkan Be the
fa a g uri c

construction o )
remarkably reduced compared with a case where all the wafer cleaning

waste fluid are wasted.

[0022] It is preferable that the reaction bath 10 has a heating
temperature therein ranging from 150°C to 315°C, more preferably 180°C to
250°C. If the heating temperature exceeds 315°C, there occurs drawbacks
that parts used for the reaction bath 10 are limited to a high fire-resistive
material, having a high fire resistance, and also since the amount of vapor
produced in the reaction bath 10 increases, the sulfuric acid recycle
apparatus becomes large-sized and complex. On the other hand, if the
heating temperature is less than 150 °C, efficiency of concentration of
sulfuric acid (dehydration efficiency) becomes worse so that an expected

effect can not be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] Fig. 1 is a schematic view showing the construction of a sulfuric
acid recycle apparatus according to a first embodiment of the invention;

[0024] Fig. 2 is a sectional view showing a reaction bath according to the
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acid recycl e apparatus according to a first enbodi nent of the invention;
[0024] Fig. 2 is a sectional view showing a reaction bath according to the
6 22 February 2006 first enbodi nent of the invention in_Fi g'&"“ %[03%25] Fi g.
3 is a perspective view showing an inclination plate ade5F ﬁ'@’ t he
first embodinent of the invention in Fig. 1; [0026] Fig. 4 is a schematic

Vi ew show t he constru on of a sulfuric acid recycle apparatus
accordi ng ﬁ%‘ E‘E‘g rPg"&hPr’rBH?n%‘Pnflﬁ ignkiention; [0027] Fig. 5is a
per specti VyoRbgwW ShEgi g # c@%éﬁgem«w \%ﬁoréhoreﬁngo an! iBIBeS9Os grHtedi ment

of the invention shown in Flgb wherein a part of the <cooling bath is
br oken; andccpoding torthgdfirss @mbodimmpt of he inventisnoin Rig. 4; casi ng according to

the secon od| t .9 Fi 6(A)
the secorghagboc B a3k 4 REANAE VAR R \Beb Rl R TR S Hle
| NVENTI ON acﬁdn@ty&e‘apﬂamms a[d&@ﬁtﬁhgkoﬂﬂe‘cundeuﬂmﬁnreﬂty)f kkee angm-rtaims
accordi ng [[é)?? 2 fi r;&' od ment the I nvention | Bcrl bed re| nafter
with refer@9&d] 1§ Q@egspe[c SOteW Wl{’ga?l(‘}o a PEWPewns
showi ng thﬂlecﬁ%éhﬂléﬁibdlﬁnﬁht%f tBedvntforAhdivh ﬁ@“#@ﬁﬂ@?élﬁtdlﬁaﬂt (ﬁ‘tﬁ@r di ng
to the first_enbodinment of the invention. The sulfuric acid recycle

appar at us @0&’@8;}?&%1\% byokemcandn. bath 10, first to third heaters 20A, 20B,
20C servi heaty h +hah
ot or 9028107 uRg, 6OA) CeGRCaRt \AEWS Lhdvirls 8 LERAL ' QoREYD & ihd

aspirator
concent r at sanrnnddqmbmdrmﬂntbdtﬂmﬁmveatmmﬂmgn tintFig6d wherein Kignp(ADisar vi ng

as a suppl It as_i,t | nents. [0031] The reaction bath 10 is
made of qu%??g ggdﬁgﬁ?@lla&ngagm%% openi ngs, nanely, an introduction
port 12 at the |left upper surface of the reaction bath 10 in Fig. 1 for

ot Lower curf acPREFHAEREMERDIBnENE Of B INEEN T naust i ng

concentrated sul f urpigsiRhfhodimadne @ gas discharge port 14 at the right
upper surface of the reaction bath 10 in Fig. 1 for discharging a gas such

as vapor pO8dfted Bysulduricrasid Teeycleappamatubactording so adinst emhadiment
keep-war m (EpRaE v i iS ResGBUPRERIHaRYF Wiflf rdfifed &G RE. P25 R, 10 at a

[0030] Figs. 1 and 2 are schematic views showing the construction of a
sulfuric acid recycle apparatus 1 according to the first embodiment of the
invention. The sulfuric acid recycle apparatus 1 comprises a reaction bath
10, first to third heaters 20A, 20B, 20C serving as heating units and attached
to the reaction bath 10, an aspirator 30 serving as a suction unit, a raw
material bath 40, a concentration adjustment bath 50, a cooling bath 60 and
a pump 70 serving as a supply unit as its main components.

[0031] The reaction bath 10 is made of quarts glass and includes three
openings, namely, an introduction port 12 at the left upper surface of the
reaction bath 10 in Fig. 1 for introducing a wafer cleaning waste fluid A, a
discharge port 13 at the right lower surface of the reaction bath 10 in Fig. 1
for exhausting concentrated sulfuric acid B, and a gas discharge port 14 at
the right upper surface of the reaction bath 10 in Fig. 1 for discharging a gas
such as vapor produced by heating.  The reaction bath 10 is covered with a
keep-warm member 18 which is disposed outside the reaction bath 10 at a
bottom surface 10A and a side surface 10B. A waste fluid injection pipe 71

made of a fluorocarbon resin and having a first valve 91 is attached to the



bottom surface 10A and a side surface 10B. A waste fluid injection pipe 71
made of a fluorocarbon resin and having a first valve 91 is attached to the
7 22 February 2006 introduction port 12, and the introduction port 12 is
connected to the raw material bath 40 for storing the #afebrugned@¥fng wast e
fluid Atherein via the waste fluid injection pipe 71. A concentrated

sul furic acid discharge piLpe 72. made of a fluorocarbon resin for supplying
t he concen’t“rté‘?‘gﬁ“m POFY d2aand theypiradstion et F it sama%ﬁta@t F¥h 50

| s attachegatorihhBath 30'T8F Jeori Ehé%aféﬁa@mﬁx%dwa%rﬁ iﬂQiQt?'K]th@réi'%;e? thge. gi pe

73 is attached to the gas discharge port 14 a ne reaction ]
connect ed VastenBuidisijection pie Ti.a A penatindrated gulfiirpreacid zlischaxge ipe 38l i ng

Pher eof . AnRbb A ub b b Al P e peEa AR obRBIE" ©
wher ei n wather conentrti®d adjustnidnt Imthsb0lds afttddhedsts thy discharge poerc18l e

appar at us q1§ ig‘.tio he cooling water pipe 31A flows inside the cooling wunit
31, then iYeP<MBgatn exhausted outside the sulfuric acid recycl e apparat us

1. [0033] po3enl et @Hﬁ’&h@éeﬁmge #39@%%@‘11@_9%&'&1@%%0&5%&%?9&%%4 HRHY
attached t&fthe aspirator 30 wherein dry air is taken in the aspirator 30
from the ¥ Egagtiops bathe1Q ds comnected itel the appiraten 38rda the dischanggrpipee
inlet pip 30 hj s n 46 Sq . I,Qn t RkalQ,.are
ospect i vely Supyaek ol B BN Ahaltlal 48 LOE digARLES R TaTRt

i nsi de of suhstantialyithe chntdr therebft i Agoblingovmee tipasilArs pttzrhed tothkept in

a prescribed;. deconpressi on st at e. he L rator .30 34] ,Jhe di.gchar ge
o be 75 nabolingRERTRISERGRn iathhintodnchdC B Ghe Suthe s thF bl Adce
rather tharcgéletdjgparadhs N0ndd ithe Idolng v abe pepd 31 ASlGw e enside RBe ©8bliAxt ends
to atrap ba.t% 3{27%‘;0[ storing water .and the |like therein. A  drainpipe 74
havi ng a s&R53d, Hhew i isagain gxhausted oussidsdhp sullpmicanid seeycls appaxatiusap
bath 32, wherein water and the |like stored in the trap bath 32 is

exhausted outside through the drainpipe 74. Two fluid | evel sensors 85A
are attacH8838b t héAnrinfetbpine 30Avanrd ebydeaeratimmipipe BOF ere ofespeetivalyond

valve 92 i%g%&*eggfeqealet Qsﬁ?&%r%@%ﬁ%%&?%hf{slltia(ﬂ:ehqaitﬂg atsgﬁ'a%la 50 %IQ 32 at

a prescri
the outside of the sulfuric acid recycle apparatus 1 through the inlet pipe

30A and this dry air and air inside the reaction bath 10 are respectively
subjected to deaeration by the deaeration pipe 30B. The inside of the
reaction bath 10 during the concentration process is kept in a prescribed
decompression state by the aspirator 30.

[0034] The discharge pipe 73 has a side pipe 73A which is branched at
the aspirator 30 side rather than at the cooling unit 31 side wherein the side
pipe 73A extends to a trap bath 32 for storing water and the like therein, A
drainpipe 74 having a second valve 92 is attached to the bottom surface of
the trap bath 32, wherein water and the like stored in the trap bath 32 is
exhausted outside through the drainpipe 74. Two fluid level sensors 85A
are attached to the trap bath 32 whereby an opening degree of the second
valve 92 is adjusted to keep the amount of fluid inside the trap bath 32 at a
prescribed level. |

[0035] First to third partition plates 11A, 11B, 11C respectively made of
quarts glass are installed in the reaction bath 10 and directed from the
introduction port 12 side to the discharge port 13 side in this order as shown
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[0035] First to third partition plates 11A, 11B, 11C respectively nade of
quarts glass are installed in the reaction bath 10 and directed fromthe

i ntroduction port 12 side to the discharge port 13 side in this order as
shown 8 22 February 2006 in Fig. 2 so as to change an ad¢asEMdEy #%ecti on
of the wafer cleaning waste fluid A [0036] The first partition plate 11A
I's disposed inside the reaction bath 10 while it is repnote fromthe bottom
surf ace 1om§€g-t g0 agdeshangsam advanging dippction ofijbe watescleaningeasiecond
partition phL$d@d 11B is disposed in the reaction bath 10 wi thout producing
a gap between itself and the bottom surface 10A of the reaction bath 10.
Furt her, tH¥38dper The fiystipartioonfplate114ds disposad insiderthel repction bath set

to be | owe r ition of, t fisrst partiti ate 11A
So o to piQyaRfe felf SHBREP A (RPRobGET e tart 1A R URE APRIHIB AR, B BEE, noen
1E|he fi rSL piﬁs‘c};ﬂbbdﬂirﬁleﬁﬁﬁ. llrﬁh@-{jﬂicbﬂi\@_]&_ﬁ‘tﬂﬁﬂ} qﬂata’lt}r.cl:Bn is plé;qicgealgl _t;h:eohm
oW ng acCk. ur r,..the thnir rertion te | I SPOS I n the
reaction bEFafFtiR bAfh 24 ithoyt, _C@w%rﬁ S_ﬁg s Lapland the Gtotihe
reacti on bgiffadd 10 6F ﬁg%glﬁaﬁi_?@ﬁ%dtﬂtﬁf.vqbuﬂtﬁeﬁ%e "B Bosifidn dfftdel | 1 St

partition plate 11A. [ he inclination pllate 16 made of_ quarts gl ass
i s di sposetedond;partitiomelatenl Hatin sebthbe dewar then the uppearenid pesitiphafe 11C

and t he di ' ' ' 6 coldl| .qr{ i cal
wal | 16A hg}\%ﬁ{é&?a%eﬁg%aégﬁgﬁg%edog% ?@eﬁgﬁ%&%‘ﬁ?%nﬁgan r?’i‘i??%ﬁa llillgrf‘!;L wal |
16B whi ch whichisanposed betweét thédfirstepdrtition phite 118Amhithesdcend phrtitiohhe
vertical wal to th di scharge port 13 side.tp be, expanged a. hem

t her eof . Sﬁw&g@@'o %gﬂm@’é’r& E@ﬁlg V\g Atgﬁdt‘iﬂlnglﬂq{Qgﬁo Pﬁéﬁ ﬁL%B‘Shave a
plurality @fspbsédin/theireheion Yath (1@ whilerieds rBfhote ffct SheRdforh Reirtk.

Al t hough the i rrtggul ari_tii?sﬁillGC are in the formof_ protrusion, the shape
t hereof ar 804fithe Zeprtjon hihatk a presgribed interval in thel samesnaRNSF @Sy usi on

but may betﬁ@ﬁPé%ggé}ftit?dW Ehangasuch as a corrugated sheet shape having a
plurality of lateral rogves or a shape having a plurality of grooves in a

vertical di003d1i on.Tlmgtim_tlithatgom_a%ttet& mayle oRquatks glaseisidyposedinghebat h
L7, e of B0 b8 Pl bR T o e T
reacti on bpéft 110 tThe invdindtivm plte 1 6ok prosesoh veRgcal wall 16A having saw-
blade shape at the upper end and an inclination wall 16B which is integrated
with the vertical wall 16A and extend from the vertical wall 16A to the
discharge port 13 side to be expanded at a hem thereof. Surfaces of the
vertical wall 16A and inclination wall 16B have a plurality of irregularities
16C for increasing surface areas thereof. Although the irregularities 16C
are in the form of protrusion, the shape thereof are arbitrarily, and hence
they are not limited to such protrusion but may be formed of any shape such
as a corrugated sheet shape having a plurality of lateral grooves or a shape
having a plurality of grooves in a vertical direction. Returning back to Fig.
2, the waterdrop storage bath 17 made of quarts glass is provided in the
reaction bath 10 at the inner surface thereof so as to overhang from the right
upper wall surface of the reaction bath 10 to cover the lower portion of the
gas discharge port 14.
[0038] The first to third heaters 20A, 20B, 20C are attached to a ceiling
10C of the reaction bath 10 so as to penetrate the ceiling 10C wherein the
lower ends of the first to third heaters 20A, 20B, 20C are immersed in the
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gas discharge port 14. [0038] The first to third heaters 20A, 20B, 20C are
attached to a ceiling 10C of the reaction bath 10 so as to penetrate the
ceiling hOC wherein the |ower ends of the first to third _heaters 20A 20B,
20C are imersed in the 9 22 February 2006 wafer cleani AgFaR&e 4996 d A.
Each of the first to third heaters 20A, 20B, 20Cis fornmed of a heater
made of tungsten which is cavered w,t rt | ass. at, t he surfa

Thereof . | DaRtenaing Waped B, chach, 38 Pho Jusfl 1 FirlneatieS HoS 208,
partition pH@Etie folshadasathater avade BRLIhELRR Whadleisl ébverelewRBCqigrtaeat er

20B i s di sposed et ween the s(fcond partition plate 11B and the third
partition @llaﬁ’ﬁéti ESurigef LAY hi rd heater 20C i s di sposed between the

third partiggo pl t F NGl ' t T eani ng
wast e Fruigoger, | cﬁﬂuﬁ!esmé l&?@%ri%gsc SE%%E‘LB%%‘?‘%‘*?% ?%%‘35?%‘5*‘#@‘5%@ i on
pl ates 11 bhA amidethiensédanak portitipn gilatel 518 athd eetut hdatey 20B 4o dispasedt o

third heatgrs 20B, 20C at...a  te tur angi.ng from about to
195C. [ oodottreh Yhegevonct paRiifie BT 318, Bnd AbECRRY Bl RLBlfg Hieen
the first gadthéithirdohaaeerld0C andisgeeed ibesivebe aherthapakittivkgilatdr¢16econd
partition t .and the second heater , and between the thiryd

iti l‘iEMB dth d'ﬁéﬂ 20 db he third
partition %P tthe sinelinabiopnplata 1oy nEhe svafonc] eqmegeﬂystfeﬁwi ishghich is
t enper at ur ggr&f irf Bsc &l PSRN BPEHEpdrtitich fldtls 12 GhBilRGHAHALBA the
concentration process thereof. [004T1 Fluid | evel sensors 85B are attached

bet ween t hilate A6t caredbecheai@d bythesd firstetotbindaheaters 204, 208,128Caakia
bet ween th@erﬁeﬁﬂrra eals 'ng%[?%oh@qS L@%ilré%t,bon pl ate 16, whereby a
nlngoef frRITirs 8 [ (

degree of op val've "917i's ""adjusted by the fluid | evel
sensors 89B040] as tDwkdempgelratiaeossiisopd S8Ohareveéspectivebanttaghed Siectwiceni d A

i nsi de the,reaction. ,bath 10 a co a | evel . 421 Now, returni back
LoTH e L e R GRridon bl 1R S Rhe Hrgb Beter, 20, Degpact theytcBaduno: o
fluid inj gpmitmmpim@td 11 3id 3B esbcbAdt heatefV20BRadid detWwadl the dhirdhe
portion adjacent to a | ower end c&g}ra&r ortion, where he raw mat eri al

by
bath 40 i sPadHiatt Blateo 1He aasct heajer 20he khexeby | detectingect i on
pi pe 71. iy i [ | Aad URL9AE¢R_N
resin andAteext erI{ | nlsersf ?f}otr#% ?%?%?fg?h%r (‘:"Fegssgigr%ﬁgat h %alth %JCE fig the
concentration process thereof.
[0041] Fluid level sensors 85B are attached between the first heater 20A
and the second partition plate 11B and between the third heater 20C and the

inclination plate 16, whereby a degree of opening of the first valve 91 is

adjusted by the fluid level sensors 85B so as to keep the amount of the wafer
cleaning waste fluid A inside the reaction bath 10 at a constant level.

[0042] Now, returning back to Fig. 1, the raw material bath 40 is made
of quarts glass and the waste fluid injection pipe 71 is attached to the raw
material bath 40 at the portion adjacent to a lower end central portion,
whereby the raw material bath 40 is connected to the reaction bath 10 via
the waste fluid injection pipe 71. A raw material transportation pipe 75
made of a fluorocarbon resin and extending from the wafer processing bath
100, which is disposed outside the sulfuric acid recycle apparatus 1, is
introduced in the raw material bath 40. A third valve 93 is provided on the
raw material transportation pipe 75. Further, three fluid level sensors 85C
are attached to the raw material bath 40 whereby a degree of opening of the
third valve 93 is adjusted by the fluid level sensors 85C so as to keep the
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100, which is disposed outside the sulfuric acid recycle apparatus 1, is

i ntroduced in the raw material bath 40. Athird valve 93 is provided on the
raw material transportation pipe 75. Further, three fluid |evel sensors 85C
are attached to the raw material bath 40 whereby a degr @& Februgbe#l®8g of the
third valve 93 is adjusted by the fluid |l evel sensors 85C so as to keep the
10 22 February 2006 anount of wafer cl eanjng ste fluid A.inside the raw
material bameung Ogtw er eloaoing W asss Suid Pomsiie therawseataialibath 4Qptiat nent
bath 50 i scapdsnPfeva@yarts glass and the concentrated sulfuric acid

di scharge pipe 72 made of a fluorocarbon resin and extending fromthe

di schar ge &MS] 13 ofhe igencentration adiustment dbath i} tximeade ofi qusets glass

o pe 76 bt SREIBREIRRE DR ARIYe (A AREBRLES P 72 g E HualatdliBR 60" <
e ettt oo oo sk e &

centr al po}nctf?)q‘?‘ lrl)ﬂe he nvonsentratio lﬂdﬁW"iIEe’chﬁ@tF‘n%@ct i‘gn%‘i“i?éltrait@?é
[0044] Oneg@fgriefacd phiebtibh ipei ™ HHIRCS! RloRIcAFbON ré&h Afd @%tditling tdsh

sul furic acid for adjusting concentration of the concentrated sulfuric acid
Bis intr8uucedling baih &hientiachesh tadthestdowar end rofsthe Tencentrvetioand of

h LFur T . ; Sl ; Y d tank
101 nst apfifficts AUFRD! A BLE ddivkpe i drBpheitad thefpation Ydifiedft 0, °"
acid transyestantinly qentyal Hoktiandofatfe ddrirenttated Snlfard peid\ingstionnpipee

sul furic gid I njection pipe 77 at substantially central portion thereof.
Wth the g'ovision of these conmponents, sulfuric acid is punped up from

the sul furfop44dci d OaskentD bf by stlfarie W did rinfectiond pi USD&&-tiﬁyé&ﬁl%ﬁF&hﬁA i f

concentrati .of the concentrated sulfuric acid obtained in t reaction

bath 10 i sSylfagc apkkior adfnsting ropeenteation of thasancenteated sulfusie up
sulfurlc afitfodued il G EshdeRtatidi? AARAAT AR 56 ¥AL TALr BAU LI

through the sulfuric acid injection pipe /7 so as to Increase
concent r at wfun¢ add inpention piped Tis fintioducediin B swlfaripracidrfandd 10dvel .

00151 T el I6E°SR R0 1° AR PR 0, BTG Mg
transportation pump 77A and a fifth valve 95 are provided on the sulfuric
acid injection pipe 77 at substantially central portion thereof. With the
provision of these components, sulfuric acid is pumped up from the sulfuric
acid tank 101 by the sulfuric acid transportation pump 77A if concentration
of the concentrated sulfuric acid B obtained in the reaction bath 10 is less
than a prescribed level of concentration, and pumped up sulfuric acid is
injected into the concentration adjustment bath 50 through the sulfuric acid
injection pipe 77 so as to increase concentration of the concentrated sulfuric
acid B to a prescribed level.

[0045] Two fluid level sensors 85D are also attached to the concentration
adjustment bath 50 whereby degrees of openings of the first valve 91 and
fifth valve 95 are adjusted so as to keep the amount of concentrated sulfuric
acid B inside the concentration adjustment bath 50 at a prescribed level.

[0046] The cooling bath 60 is made of quarts glass and the concentrated
sulfuric acid injection pipe 76 is introduced in the cooling bath 60 and a
sulfuric acid transportation pipe 78 made of fluorocarbon resin and

extending to the wafer processing bath 100 is attached to the lower end
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fifth valve 95 are adjusted so as to keep the amount of concentrated
sulfuric acid B inside the concentration adjustnent bath 50 at a
prescribed | evel. [0046] The cooling bath 60 is nade of quarts glass and
the concentrated sulfuric acid injection pipe 76 is i n@?%&b@éﬂ’ 5 he
cooling bath 60 and a sulfuric acid transportation pipe 78 made of

fl uorocarbon resin and tendin 0 er procgssing. bath 100 i.s
attached +EPET POVER af §h4 Feastipn bath . 2008 BBRE 10 SETIEORS 3 SRR
reaction bghit id Gttadhedrtorthe SlffiY héld tREnSportdiny pipe78, aind atsiaghheslvieo the
sul furic acid transportation P\iﬁpe 78, and a sixth valve_ 96 is attached

bet ween t h#6 pripftazhed hetwaen the pywer J0RPd wager prpcessipgdath 100y |

sensors 8 | '

opont ng of TPLRel AR o khE afiitheddy 1AL SoSlfIBRNF R0 PHORAAEdoblee o
so as to dfepenihg ofithe foursh vdlee 8dns adjusied bysthefluiddeveli nBoin85B@ot he
cooling bat Q at,substantial,ly constant ;level. [Q ... The .concent rat ed
sulturic o) o Boef shEtRacnt P e pfiakatkd Bt 2gd M indiR HENGEINET °c
to an e>0<|t telﬂifihﬂhem atf@ubmmttiam)b@ﬁlsjtgﬁtlh@%g Upotnht he purp 7?,h theﬂ Itth IS
supplie waf er processin .100, e pu rou e
suﬂo uric a&oéﬁ rans E‘é‘t‘?e&ﬁr ‘if’%es‘a .“f@@’&ﬁé %%ecg%npéb%f’o‘?h?% afly 6918
attached tgoldif af AWM dRpEFdtake R81dh Pent iR toONGE0 W BAA $ANASHLS LpBATthRat h

50, the cooling bath 60 so as to exhaust a gas such as vapor produced in
t he raw nepempal 0,dheh it suppliebircdre wafararocemdingbatdni 09 hyths euaap 70he

cooling b t e | 6gacid recycle apparatus 1.
[ 0049] Sul ur"?gh;tg‘f*&ﬁ{fféﬂ'?ée%‘gﬁégf‘%@qf%ﬁ%&’@%@&use of the sulfuric acid
recycle ap[]mgﬂtsal ui OJG@sm;{:_hguthnfeer@gmfmtgtba?lged Iw;?t?bamw [rﬁ)ﬂ_i@jal'lﬂmh\lfm,er
processi ng,,ba is first connecte e.sul furi acid recyc

Dopar at us e CreRratRe AAFORTE hata 00, ARbAolTE RETLHR 40 @ LOFHAST Paw
material tganshel hatiapor Prdduééd Mhehei rawoifaterid] dath D, thY contéeiration
transportatjon pipe s connected tqo the wafer processing b

the ot her idSBhehhbaty i Andbtheooting hatb a0 e Prigiderst e sfwrieadded | n
e Lo IRy, e Lo el yransporiaton pipe 78 fas o
waf er cl ed®048] f | uiShl€uric carad cid teeycliedi ag) felldwsirbiyc uaeiof the ulfuric acid
recycle apparatus 1 having the foregoing construction.
[0050] The wafer processing bath 100 is first connected to the sulfuric
acid recycle apparatus 1, and the connection therebetween is implemented
by the raw material transportation pipe 75 wherein one end of the raw
material transportation pipe 75 is connected to the wafer processing bath
100 and the other end of the raw material transportation pipe 75 is
introduced in the raw material bath 40. The raw material transportation
pipe 75 has a filter 75A provided appropriately at the wafer processing bath
100 side. A wafer cleaning fluid C prepared by mixing sulfuric acid with
hydrogen peroxide solution in the wafer processing bath 100 in the
proportions of 85 : 15 in percent by weights, and the wafer cleaning fluid C is
heated at a temperature of about 145 °C so as to effect wafer cleaning
process.
[0051] The wafer cleaning waste fluid A which is lowered in
concentration of sulfuric acid upon completion of the wafer cleaning process

is supplied to the raw material bath 40 by a raw material transportation
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hydr ogen peroxi de solution in the wafer processing bath 100 in the
proportions of 85 : 15 in percent by weights, and the wafer cleaning fluid
Cis heated at a tenperature of about 145 C so as to effect wafer cleaning
process. [0051] The wafer cleaning waste fluid A which 3 Febnered%n
concentration of sulfuric acid upon conpletion of the wafer cleaning
process is supplied to the ,raw material_ bath 40 by a rgw, pateri al

t ranspor t aPHEWP 'E@BZ’I Wﬁﬁ‘@gme pufth tl?%‘&’ce,&hﬁltbg%erﬁlﬁgfeé’ﬁiéps%ﬁ this
time, the d9n!tR¥s! v RINEFi 1b§§9@aevéc@%ﬂ fRuid RErf-RW18Rd1ghkde Dath
40 detect ?ﬁg%ﬁ]ﬁdéusﬂrtﬁécg | eve |§n5| e the raw nat er | al bath 40, thereby
adj ust i ng thedoayw avaterial fathrd), dheréhy adjustingvaflegreedfapening of Kee phirde
amount of ¢ er cleanin e fluid;A ' | . 0521
The vt or ERIEATHED AP aydtetE Abfmn riie Bhidt (RSN SR IBLP A bR, 20

i s inject eprdsoribed lewdcti on bath 10 at a prescribed speed. The three fluid
| evel sensgr 5B detect the fluid surfgce,level inside fhe reactjon bath
10 so as cBobed  nEhG Al clsenias wasks Buid Apnesstered 1 therswapaterinle
reaction bghih 48 i@ixgag&a%tﬁmréa%ﬁ%h Bith! 1 8t 49ae8&-Id opesd. narid thiee i rst

valve 91 is adjusted in r%ﬁonse to the detected fluid surface |evel,

[00531 Thefluid kevet sengora $olndetect the fluid snrface develingide theareactiandhath 10

is first ' b e . 10f, ISt
partiti onn%qgstaegg%? %%eg) gﬁg %%E)P(i}%dogu‘?%’g%eaféﬁﬁbé %e S@%ﬁ#o%‘t%gé hﬁh%o to a
space def i rexttioat hedn 10het fidosistaatr laviel ovhibd at degired cfnaperting sfcdedfirst
partition | ate 11B. The .wafer cl eanj,ng st | ud d I s, gradual |y heated
by the fi rgﬁveﬁga‘ls@rl%{]‘éﬁfﬁ iraqppgs%gﬁ{lgud%@cqeﬁeﬁp@rﬁ}g %‘feu]regeﬁangi ng from
180C to 19f053and VEkh&&wA8€ cleBfing kstOluad Acjédted d8 thoacuedien bakkawi ng
waste fluid A begins to be renoved. Subsequently, &/Qe heat ed Vrf\(i}l;*eé

cl eani ng wasfisst mpved frons the gapaﬂ%fém%fkmyesp BisnJeer amds P AberEr ot t om
surface 108508 plalcCPLA b2 B Bottim Gidatd 10A JRKRCdakABh BIRAUIPES oo

portion of "the secon partition plate 11B to a space between the second
partition spaceaefirdabetwden thehfirst partition platel HiAeand ¢he|second paahitiomanner

e Va1 LSRTIBY YR Fagt e S SR TR BRRRER B

concent r at heate®208iivhivh 13 heated at the temperature ranging from 180°C to 195°C
and water and the like contained inside the wafer cleaning waste fluid A
begins to be removed. Subsequently, the heated wafer cleaning waste fluid
A is circulated upward by convection from the bottom surface 10A of the
reaction bath 10, and it is moved from the upper end portion of the second
partition plate 11B to a space between the second partition plate 11B and the
third partition plate 11C. In the same manner, the wafer cleaning waste
fluid A is further heated by the second heater 20B which is heated at the
temperature ranging from 180°C to 195°C so that concentration of sulfuric
acid progresses.
[0054] The wafer cleaning waste fluid A having sulfuric acid
concentration of which progresses by phased heating is circulated by
convection from the upper end side of the second partition plate 11B to the
side of the bottom surface 10A side, and it is moved from the gap defined
between the lower end of the third partition plate 11C and the bottom
surface 10A of the reaction bath 10 to a space between the third partition
plate 11C and the inclination plate 16. Likewise, the wafer cleaning waste
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acid progresses. [00541 The wafer cleaning waste fluid A having sulfuric
acid concentration of which progresses by phased heating is circul ated by
convection fromthe upper end side of the second partition plate 11B to the
side of the bottom surface 10A side, and it is noved frd#FetBay2908ef i ned
between the lower end of the third partition plate 11C and the bottom

surface 10A of the reaction bath 10 to a.s(Eace between the third partition
pl ate 11C fivid Apemiains furthesheafiedthy the thir bﬁﬂ?@?oﬂﬁfﬂ%é* isrheateg gt ihe vast e

13 22 Febr Js | F e ser 20C
i oh | ol Hseray ﬁéeﬁg‘ggﬁrp‘é’rﬁ%@ ?%%3.535 SP?%%%@%%“%@%%@C@%@%?
concent r atacdd prfogvessesr i Theawiadleip chgpming es astehBuid A rwhichaprogresses énf | ui d

A whi ch progresses.in. congentration,is circul ated.u r

convect i onc“?:\”S'Prfrta%’é’nsﬁsa%r afedUPEard &%a%h’ 08VE Aorg%égttg%?%]ige%&?
portion t Hsgtesh, suaifaed 10Als0d6 td thenipper popfien tbiededfpahdde fltwd Rom the

I nclination plate 16 havi ng'ééiis w- bl ade, shape, over the .i.rreqgularities 16C

formed on WPkerseRd pertion of _ mfﬂam B}?tﬁll_ﬁha‘_’]?@,g a gawrhlade shape ey
becones t h&leCﬂ?gglﬂta&ﬁie%g%@'fértﬁ.b& At Bud¥ice hrithe GRBRARLbA! SIte 18, so

concentration of” about e thus prepared concentrated sulfuric acid B
i s suppl i edhatribfinaHy héceweathe cparentrdedisulfuric acidtB whighihcozentratad

concentratjon | ust.ent ~bat hr h t ugi id

di schar ge tr?i ﬁ%g%%ﬁtgﬁgﬁ aﬁ?@ﬁ%@%deqﬁ’% P%pr%%@ﬁé@ﬂf:@%%ﬁxtﬁ#epséggﬁﬁi n a
8r escr:]ri beObcid@@ngnp?Héeﬁﬁrcﬁﬁ dhe diyclidige quipt I‘lestaﬂtlﬁ\.&;]mtinachadﬂh 1@ to Khegas

I scharge port 14 o e reactio th 10 during the, congentr.at.ion.
process. \/&’P«SFHVW a 1"'E:'I‘|“'é‘tll?%g1 gﬁo BBﬁﬁb’iben opgendrated “sukfueyg ?ﬁ}dt he
aspi rator (ﬁgcﬁﬁtggﬁibgmdi scharge pipe 73, and they are cooled and |iquefied

by the cooling unit 31, then they are stored in the trap bath 32 through
the side pi0985Y3A. The dnsidgnaf tthe reactiomikathad® iy drept im 2 nprescrbedat h 32

O, 01 S ebup i e MBULoR s ShAECRIE QN SRt
whi ch ar e hbof she kedction HathtHeguriacthe hentemdpatien ipracesand Vater| vapeef i ed
oL " PO RARTSTRS P8ISO WP SRR oL fnd BIahO0 0 "
wat er dr op diséli@age pipe73, andthdyhgre cévled and liquefied by the cooling unit 31,
then they are stored in the trap bath 32 through the side pipe 73A. Water
and the like which are stored in the trap bath 32 by not less than a
prescribed amount are discharged outside the sulfuric acid recycle apparatus
1 through the drainpipe 74. Water and the like which are not sucked until
they reach the trap bath 32 and are liquefied at the portion close to the gas
discharge port 14 lower along the inner wall surface of the reaction bath 10,
and they are collected by the waterdrop storage bath 17. Further, a
temperature of the wafer cleaning waste fluid A is continuously detected by
the temperature sensors 80 attached to the reaction bath 10 during the
concentration process. Further, an element provided in the wafer cleaning
waste fluid A inside the reaction bath 10, not shown, bubbles a nitrogen gas
by a prescribed amount to positively expel water vapor in the wafer cleaning
waste fluid A.
[0056] The concentrated sulfuric acid B supplied to the concentration
adjustment bath 50 is adjusted in concentration by supplying fresh sulfuric
acid. That is, fresh sulfuric acid is pumped up from the sulfuric acid tank
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tenperature of the wafer cleaning waste fluid A is continuously detected by

the tenperature sensors 80 attached to the reaction bath 10 during the

concentration process. Further, an elenent provided in the wafer_cl|leaning

waste fluid A inside the reaction bath 10, not shown, bdBic&asy 2i46r ogen

gas by a prescribed anount to positively expel water vapor in the wafer

cleaning waste fluid A [0056] The concentrated sulfuric acid B supﬁl I ed
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to the cont@h@ngiitdn injasted inside thetgensentratign; adjiustment bath 50t thaonsh by
Vi Furd e el d. s ) Lfuri A q
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I nsi de the, concentration adjustnment bath 50 _is kept at a prescribed |evel
by the twoleveliby qﬂ‘@v*é?" Eléﬂgdﬁ‘éelmso}'% 8pRe dBnieneoncentiation adiyatmentpat h

50, conce EQN : ' i .d 13 ;@9 a
degree of n%%%%ts 9’9(5:&%/%(3 ggabtg(%?%'?I;Elelégégglggﬁﬁjﬁg%{{egﬁlsfgﬁcu?% Eééiggidéﬁ\%ﬁqc Ps
adj ust ed adegreepfabont B8dconcentration in the concentration adj ustment

bath 50 is seq ly..s | i t o4 he coolipg bat 0 0 e
concentrat[gg%l?iul fﬂﬁ?éc ‘\é[locrf%p’?ﬁtggt P nft 1|cpeac’7‘:k3 %nevgb%cgt %é@t‘bﬁ@@ é? a
telrrperat urm‘e@gribbdugon&ht%]tiﬁ irhi thé immefﬁtxde@heeac@ﬁst@mmd 'lrtfmthf B(heiszI ourth
val ve 94 is ,adj ust so that the anount copcentrated. sul furic aci.d B
i nsi de { heSHSSARRRY e WP Bled o Eié‘_?)tm& ing Bathy G_an dhepgendeatisiede
fluid | evedylaghe @il ﬁfj@ciﬁl‘)ﬁgjiﬁ@diﬂ Ahied€ it i980d18@14tg t&ﬁ?@r@ﬂr_reﬁf%boat
concentrated sulfuric ‘acid B cooled in the cooling bath 60 is supplied to
t he waf er &0 o&essAhthisiime,j0degreetcfopgning afithefouridhvalye 94ssadimstedsoi d
transport aty [ b ' ] ' 4. on,
and 1 o1 oaaibl ol of Bhceti el Skt pold B HARE The BEGYR BEeH B0

f ol | owi ng ledpitenit s peesiciibeddebsl iyhthe three fhritldevelmensafs 8GR providedtinside (1)

e SU11 U1, B6) S FRUFHE, SRR ool o D5 SRS SE MR 13 i e
bath 60 is supplied to the wafer processing bath 100 by the pump 70 through
the sulfuric acid transportation pipe 78, and it is mixed with hydrogen
peroxide solution, and is regenerated as the wafer cleaning fluid C.

[0058] There are following effects achieved by the first embodiment of
the invention.

(1)  The sulfuric acid recycle apparatus 1 has the reaction bath
10 for concentrating sulfuric acid in the wafer cleaning waste fluid A, and the
pump 70 for supplying thus obtained concentrated sulfuric acid B to the
wafer processing bath 100. Accordingly, water contained in the wafer
cleaning waste fluid A and hydrogen peroxide solution can be removed, and
the thus obtained concentrated sulfuric acid B can be supplied to the wafer
processing bath 100 which can be again utilized for cleaning the wafer.
Further, the cleaning of the wafer, concentration of sulfuric acid in the wafer
cleaning waste fluid A and the recycle of the concentrated sulfuric acid B can
be effected continuously, which is very efficient. As a result, a cost involved
in the wafer cleaning process can be reduced.

(2) Since (the reaction bath 10) has first to third heaters 20A,
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punmp 70 for supplying thus obtained concentrated sulfuric acid B to the

waf er processing bath 100. Accordingly, water contained in the wafer

cl eaning waste fluid A and hydrogen peroxi de solution can_be renopved, and
the thus obtained concentrated sulfuric acid B can be s&%ﬁﬂﬂ@&ﬂﬁ%mﬁhe waf er
processi ng bath 100 which can be again utilized for cleaning the wafer.
Further, the cleanlnglof t he wafer, concentratlgﬂqof sulfuric a dgkn t he

wafer cl e‘%ﬂﬁ:n Geder elamgjthe srader gleaning avasteilyided c Hatenapgd: Efuri c
acid B ca S esul t,
a cost i n\r/bc()) {}ﬁ,d e#lggﬁ@n%aswp:pg&? Scdéghléﬁgfaﬁnb{jdd‘%g& Y lg}t%\téhsllgnce

(the reactsooas t:abhr&mpvhé,stherelm eftfectulrg acoheenteration®peratfor guikddyuary 2006
20B, 20C for heati waf er cle n|n wast e f t i ke
contained in the wggé @pga(i‘?f’ﬁ‘én e R %Eﬁh%% t%\?ﬁ%égaffgggwhﬁgati ng
?g) aihto beastenuRl A wheele by mfrbdﬂteclhgr@nouh@cmth dcdRidtivn Fmrmiv@hﬂqwhek:cly |

e conc ration proce S, appli t he cl eanj.ng, waste fl ui
A whi ch i sW?%E Jesring vasts ﬁHéA Phis Gie ‘Jezlﬁt%fﬁ VﬁB‘FFm}Z?’WﬁWeF%‘Q keipeen
cleani ng v@gt afdhkibﬁ 6ldt§s CiT GidakRE M%Ilhhﬁ%h' }lﬂla{% £61V Ackordin Rt Vi@ei@. the
partition plates and the inclination plate Accordingly, it

possi bl e trosaidde to heawahcewa&tedﬁmglgvms@ Auigh & speadilyathergl ytsnﬁ@m}t y
sufficient d

Ul furi o seheeRRaEER SBIARE, S Bk BENG. B LoiRRaGAE SRRGTARNCE |
i ncl i nati deayihgthdgh @oheentratiorednibe dbtainehcti on bath 10 and t he
concentrated sul furic agid B.flo al on rface o inclination
plate 16 to drop |r{4fhegpéc§cf'}?% V\@g{qpqutl%tesigfladgog} H? tpﬁereac{;}on
concent r atiths1d fand theaditbeBtRREQHRIAIrd d6id'Beflow s alerih elee bhipfaed ofttheur i ¢
acid Bis sugplled to the discharge port 13 so that the renoval of ter

and the |ipRBngfiperplate 16 tqHreR méhedmctmn baid d0naesurfacegredof dbec acid
Bis f””é&%gﬂﬁ%@%{ aic Ad ﬁrﬁ%cbﬂi@s% J ) %ghétc}ﬁngéntr&rg% Qﬁﬂﬁﬁ’fcr ated

sul furic aci nce the irrequl ari are ftor
i nclinati creid B &t eumﬁhed hethmdiwharge parb13tshd:habrhherremwab0§matar apdaci d B

becomes l Iixgem(? g{f@& %)‘yq; ailgfg gglfi%t kCﬁlal ¥i’lt—[ﬁ] QonBds rraf'eqp suﬂﬁ gchcﬁnltsa' ned

in the
further accelerated, thereby improving a quality of the concentrated sulfuric

acid B.

(5) Since the irregularities 16C are formed on the inclination
plate 16, the surface area of the concentrated sulfuric acid B becomes larger,
thereby efficiently removing water and the like contained in the
concentrated sulfuric acid B.

(6) Since the waterdrop storage bath 17 is provided in the
reaction bath 10, it is possible to prevent concentration of the concentrated
sulfuric acid B from lowering or a quality of the concentrated sulfuric acid B
from deteriorating when water and the like which are once removed from the
wafer cleaning waste fluid A are mixed again with the concentrated sulfuric
acid B.

(7) The concentration adjustment bath 50, the sulfuric acid
tank 101 and the sulfuric acid transportation pump 77A are provided to form
a unit for effecting supply of fresh sulfuric acid to adjust concentration of
sulfuric acid. Accordingly, if concentration of the concentrated sulfuric acid

B obtained in the reaction bath 10 is lower than a desired level, it can be
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(6) Since the waterdrop storage bath 17 is provided in the reaction bath
10, it is possible to prevent concentration of the concentrated sulfuric
acid B fromlowering or a quality of the concentrated sulfuric acid B from
deteriorating when water and the |ike which are once rer@FeBUBPHHRYhe

waf er cleaning waste fluid A are m xed again with the concentrated sulfuric
acid B. (7) The concentration adjustnent bath 50, the sulfuric acid tank
101 and t hadigsted, in dhecswifurie meph recycie apparatusrh with ¢assy wlugh(ls Yavm a

- i 4 : | . ; . ot .
Sl fur e oelRREd ERBPIOE RN sl rblAIE aBbpfall llabitle GRVGESENAR OF ©
acid B obtaistedction tiseusehcthermbaunt 1 use | dvfreshh anlfurite gscidedanebel |, it
be 16 22 Feb 2006 adj usted ip th | f uri ' t
S h easfomarRaS et SlnhtedSrith 408s Wilathi AL St fRHihE PRERL LS

appar at us flufthvA Rge twWisstédr egoi ng construction i s used, the anmpbunt of use

of fresh sulfuric acid can be, remarkably reduced coppared with a case
where all wafer cl & nGitessthe ‘fqrg’ili"gsgﬁg}&r@ W SATEY! )&Si ﬁ@@%ﬁat@gol i ng

bath, 00§ SeiiaH deh B O 6ORAGRG0AGAC (e ufororaciddin Bath hoo araisur

to the wafer processin | L00_after the concentrated sulfuric acid B
havi ng a hégicentrated asulferic sacidoBebaving a jrigh ctamhperatungds acapled uisom

conpl etion_of t.he concent I O r . an e ' ce_is not
xerted upBiEsehiBBCRRTR Rt Phof BpiiRigh S Ui Bifch oo Wbt Bnc®

i nsi de t heheweca bad ihfluengdis hitcexeartod apdbrthalpubap T04hd theelikencentrati on

adj ust nent bath 50 d the cooling at.h, 6Q are, control | ed urality

of fluid level sens S_s é@ge &5‘?33%1% cé‘gbp%silpsng s’é‘?aﬁﬁgnﬁ%’tgufé'i tt!"t‘:’e_nt ly
effect therfpnaRRriAHAR 4U, ABEIBneéntPaflbAHdjLOEAenSPAI50 ARd tHeSvol@igsi bl e
to prevent the wafer cleaning waste fluid A and the concentrated sulfuric

acid B frobai60 fir@mrﬁgolclwébg@anlwahtmﬁfﬁuiﬁdpvewnsaw 85kt BPCaPOBaBAtA0,
1 oncent 5 AU g Dy NIRRT 08 5 g
provi ded i speaede andaalso possibldtd preventdhe wafepeteaning spastefluidah aind; theed by
the parti t(i:o%rzzegkraétga S:ll.-l ﬁir%‘cdisl(\!ihdﬁq’lrél}é’o‘}epﬁo%@ﬁge thé }S&&k({‘& bARY rl%, the raw
material bath 40, the concentration adjustment bath 50 and the cooling bath
60.
(10) Since three heating units comprised of first to third heaters
20A, 20B, 20C are provided in the reaction bath 10 to heat respective spaces
partitioned by the partition plates 11 individually, the wafer cleaning waste
fluid A can be efficiently heated. As a result, the concentration process can
be effected quickly.
(11) Since a plurality of temperature sensors 80 are provided in
the reaction bath 10, it is possible to avoid a problem that sulfuric acid is
decomposed by abnormal heating of the wafer cleaning waste fluid A or the
reaction bath 10 is corroded.
(12) Since the bottom surface 10A and the side surface 10B of
the reaction bath 10 are covered with the keep-warm member 18, the
temperature inside the reaction bath 10 can be kept at a prescribed level
with ease owing to a heat insulation effect of the keep-warm member 18.
Further, it is possible to prevent heat from transmitting to peripheral

members of the reaction bath 10 by the keep-warm member 18.
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fluid A can be efficiently heated. As a result, the concentration process
can be effected quickly. (11) Since a plurality of tenperature sensors 80
are provided in the reaction bath 10, it is possible tg ?void rﬁobl em
that sulfuric acid is deconposed by abnormal heating of?tREURFEF c| eani ng
waste fluid A or the reaction bath 10 is corroded. (12) Since the bottom
surface 10A and th sidarﬁlli]y ace 10B of the reaction bath 10 are covered
with the keep-warm OMEDY ¢ epperature inside the reaction bath 10

can be kep[too%ls;a prgsehifaert | £@! revydd apparsitisntdesrdinBead ianssdeahdon
effect of the keep-warm nenber 18, Further,_ it is possihle to prsev?nt heat
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sul furic acid recycle apparatus according to a secon odi nent of the
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of the inv@ﬂ&i?’ eﬁP@”&é}ﬂ%ﬁEﬁ%ﬁ‘%%‘t@%ﬁr F'élpé?%lﬁé%&nuneral s, and the
expl anat i ofpoisngr eofFigs 401 4 kelerahtis WiswIshoedng[the6dhstigtiof dfsa aulfahienat i c
vi ew showi nq .t he construction of a sulfuric  acid &(ﬁ;‘i;yclg%(%%?aratgs 201

accor di ng 8¢dt Feeysle: amipasabiniZddnacearding toj the fecopd "9 ek ey ¢

acid recyc#rﬁ, ﬂ]%ﬁr.at us 201 conprises a reaction bath 10 having an inner
capacity o f Iters, first to third heaters 20A, 20B, 20C attached to the
reacti on bE6lhand FEhesulfusicswid recyclsappatatng 208icompriges aegsictigndrathao

567 19, 3518 VAR TR sk bk IO, ALy ORhaNRE e 2 opePacl (Y

of 2 liter | ng~ah T hner Ccapaci ers and a
punp 70 asattashéedito thenpaations bailptatid shafis1@ skiving asjheatingnupitpe anl nmade

of fluorocarbon resjn ang havin first valve 91 is.,attac to an
i nt roduct | B¥PIFRYF %40 sPTng G54 UCHAm Bkt AW matesialhash {tf g*&m% Past e
fluid A i sifjdihr QfaeRtY dff ONteRE 4 a¥olinEbath A600RAVINE ak dnhbe capaeity of Sbat h

10 via the waste fluid |8Jpect_| on pipe 71. In a state where the first valve
91 i s openlterstamd spnmp I0@sts paiBLOMBEGNENES.A

[0062] A waste fluid injection pipe 71 made of fluorocarbon resin and
having a first valve 91 is attached to an introduction port 12 of the reaction
bath 10, and a wafer cleaning waste fluid A is introduced from the raw
material bath 40 to the reaction bath 10 via the waste fluid injection pipe 71.
In a state where the first valve 91 is opened, the wafer cleaning waste fluid A
flows into the reaction bath 10 automatically. A concentrated sulfuric acid
discharge pipe 72 for supplying concentrated sulfuric acid B to a
concentration adjustment bath 250 is attached to the discharge port 13 of the
reaction bath 10.

[0063] The reaction bath 10 is connected to the aspirator 230 via a
discharge pipe 73. A water cooled cooling unit 31 is attached to the
discharge pipe 73 at substantially the center thereof. A cooling water pipe
231A is attached to the cooling unit 31 wherein water introduced from the
outside of the sulfuric acid recycle apparatus 1 into the cooling water pipe
231A flows inside the cooling unit 31, then it is again exhausted outside the
sulfuric acid recycle apparatus 1.

[0064] A suction pipe 230A and a drainpipe 230B are respectively
attached to the aspirator 230 wherein when a suction pump 230C provided

18



flows into the reaction bath 10 automatically. A concentrated sulfuric acid
di scharge pipe 72 for supplying concentrated sulfuric acid Bto a
concentration adjustnment bath 250 is attached to the dic%ﬁﬁ%)&?e %Qé 13 of
the reaction bath 10. [0063] The reaction bath 10 is =l t he
aspirator 230 via a discharge pipe 73. A water cooled cooling unit 31 is

attached to the discharge pipe 73 at substantially. the center f. A
cool i ng wanethepsurtiorp pipe 2304 %%@H%‘EP“P@! prater: skoTedqity A Yvagelr &%‘é‘?gﬁ?ﬁm er

I nt roduced, f. [ : S Ul A9 {fsid€ i IRCY6aticappatlatl( id into
t he cooli ﬂ)és\%\ﬁyrlpcg}gp}g%%ﬁlﬁt&%\sh%ﬁsi%g thé cooling unit 3%!,, t,hg‘g it is
agai n exhausked byuthei aspitater 230 duning theicaneentiyationgpgsess; goopt 1§ Bii] A

suction pi.pe 230A .an dr ai_npi. B are respectively attached to the

aspirator ! WW@F@F& ‘%ﬁgwp&e%ﬁ@?ﬁéﬁgbunp 230C provided 18 22 February 2006

in the suqppes] pi PAlRRAAN siropackaidftomaherreattiondath ) wameixed awith2g80D

passes through the aspirator,6230., Alr inside of,the.reactjon Ly 1S
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kept i1 a1RLUHIRAICHOSIPRYEISEID aBHAIR dEARPSIe DB0BPuGH storecsuwihd from
a

the reaction IS mxed with a small quantity of sulfurjc acid, this
sul furic acateritmnk 230Dwi {Theneaodingiater pfn%aéléﬁﬁdwﬁle? %ﬂ‘?é‘i’%ﬁerzso
and the drtai pi&QﬁDZSOB, and stored in the water tank 230D. The cooling
wat er pi peafgl 'S connected to the water tank 230D. [0066] First to third

partition [pbeéps 1FirstltbRhidd Parisipaqates! 11 Aveldd3,of1C meanectivelyamadgol
installed in the reaction h, 10 and directed {r l: L.op. port
12 side t JIUPTES L1Rss gLe p'&sggli%d épd@‘el heqqian S)taaér?(ﬁnnﬁ{méméﬁgac?r%&%n%ﬁﬁng? as
the first jaiRRBIERAp® 125:il6 t6 halischage 3dvansiside ifi tisstorder of the bameaf er
cl eani ng waste quidpA. i

[0067] _An inclinatiqn plate 16 having.the sa

const r uct imANAsT @Ndheofirst; ermbpdiments i adi haries ap et igeghoR i ni (g
bath 217 rige g Shele s ARe BRI 0 80" on i e mner surface of the
reacti on HOOB7L0 scAmsnclongtion plate 16 havingdhe same gepstruction as that o

the first embodiment is disposed between the third partition plate 11C and

the discharge port 13.

[0068] A waterdrop storage bath 217 made of quarts glass is provided on

the inner surface of the reaction bath 10 so as to protrude from a wall surface

of the reaction bath 10. The waterdrop storage bath 217 is continuously

formed on the horizontal surface along the circumferential direction of the

inner wall of the reaction bath 10.

[0069] The first to third heaters 20A, 20B, 20C are attached to a ceiling
10C of to the reaction bath 10 so as to penetrate the ceiling 10C wherein the
lower ends of the first to third heaters 20A, 20B, 20C are immersed in the
wafer cleaning waste fluid A. Although these heaters 20 have the same
construction as those of the first embodiment, the wafer cleaning waste fluid
A in respective spaces formed by defining respective partition plates 11 and
the inclination plate 16 is heated at a temperature ranging from 150°C to
315°C, preferably from 180°C to 250°C.

[0070] A plurality of temperature sensors 80 and fluid level sensors 85B
are attached to the upper portion of the reaction bath 10 in the same manner

as the first embodiment, and an exhaust pressure gauge 280 is also attached
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of the reaction bath 10. The waterdrop storage bath 217 is continuously
formed on the horizontal surface along the circunferential direction of the
inner wall of the reaction bath 10. [0069] The first to _third heaters 20A,
20B, 20C are attached to a ceiling 10C of to the react PORHRRR 4900 as to
penetrate the ceiling 10C wherein the |ower ends of the first to third
heat ers 20A, .20B, 20C are i rsed.in thlt_la waf er cleaning waste fluid A

Al t hough t ¥tde yepargartion reggtign bath dQnst ruction as those of the first
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attached 19 .ﬁéhﬁebruary 2006 to the upper portion of the reaction bath 10.
[0071] Al t#3 9%Saw material bath 40 has the same construction as the

first embowiomept. PrEd tbmbntPdtd ubhMic héid dibéleaideqsipe 2 iRGntdusedhni al
bath 40 through_a supglg pipe 241. Purifjed water i's used for all the |ines
r

through whihercaohiaekeartbr269), ead mgulfaric acrd traasporationipe didemttanhed to
sulfurle. i b b%eor H0 €6b1iAR haAANEEH! IEAE Duitth 46 iS Atachdll 16 Bkeoe

pipe 72 is 1ntro he "cool 1 ng a sulturrc aci
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260. The p 70 i syattached,.to the .sulfyri cih-Hir ansport at.i on aipe 78
oo a o x e pime 30 & Fasronaeovibe bath, fod it 2R Bk fiog brtk
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sul furic acid inside the conceptration ad%ﬂstrrent bat h 2505,“0 t hr ough
the sul f urbathagpQ Howes dheough ithe %‘rhfﬂ:n?@c dranspogtation, pire ¢ & 8ninid Raf er
processin [ ] d ' fluid | evel sensors 85E are
attached %o&ﬁ%dﬁgﬁhengggﬁﬁlﬁc%%&%gﬁ%ilgb'a degree of ogeni ng of a fourth
val ve 94 i[9038]} ust ¢l phyralitrefefluidr kewek pensors arepttacheddp the cosling keep

oot bty P66 whERERH kR BF bbEhirk 8P olirtl Valle YAcis"2dsbo B3 N 200
these three fluid level sensors 85E so as to keep the amount of the
concentrated sulfuric acid B inside the cooling bath 260 at substantially a
constant level.

[0074] A schematic construction of the cooling bath 260 is illustrated in
Fig. 5.

[0075] In Fig. 5, the cooling bath 260 comprises an inner side sealed
container 261 and an external sealed container 262 respectively made of
quarts glass. A prescribes space S is defined between these containers 261,
262, wherein when cooled water flows in the space S via a cooing water pipe
231A so that concentrated sulfuric acid having high temperature and stored
inside the inner side container 261 is cooled.

[0076] Returning back to Fig. 4, one end of a sulfuric acid injection pipe
77 for injecting fresh sulfuric acid for adjusting concentration of the
concentrated sulfuric acid B is introduced in the reaction bath 10. The
other end of the sulfuric acid injection pipe 77 is introduced in a sulfuric acid
tank 101 disposed inside the sulfuric acid recycle apparatus 201. A sulfuric
acid transportation pump 77A and a fifth valve 95 are provided on the
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constant level. [0074] A schematic construction of the cooling bath 260 is
illustrated in Fig. 5. [0075] In Fig. 5, the cooling bath 260 conprises an
i nner side sealed container 261 and an external seal ed Eor%ai neyr. 262
respectively made of quarts glass. A prescribes space 2 fSPH@Pi4098 bet ween
these containers 261, 262, wherein when cooled water flows in the space S
via a cooing _water pipe . 231A so that concentrated sul furic acid i ng
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subst ant i at4uIde FCidifs Hameaﬁnméﬁscﬁpmwﬁrﬁuomﬂﬁﬁﬁb?gf bﬁﬁbfl%ot ¥heoue
conponent syheSWhifYticCadfl fhjbctidt PIE 74P sb’ &Mk Nficreuide! edricenBGtibrl 8P ikhé01 by

the sulfuric acid transpoftation punp 77/A if concentration of the
concent r at emeentrated su BidH to apresarihedderelacti on bath 10 is I ess than

a prescri vel qof ' . t S | idis
M ected 003 e dBndRIREPhE b BRARRL, CRchRUBRATEE ine kil F
aci d i nj ecqulburipiapil B1s set pintipallydsyea heatingaentperhture inkidehe xeantiont r at ed
sul furic aci to presct,i bed .l evel.. [.0077] In the second e | ent
concent raﬁ’?fﬁ‘ E? %ﬁﬂam@m the wafey E‘FPBI ;wdas%e &nge@ SBPPﬁEﬁ?gg{Ef‘ﬁ by a
heati ng t ergaRtidhWakhi Ispéleuhftoriaaet i on bath 10 and a quantity of the

waf er cl eani ngl‘waste fluid A supplied to_the reaction bath 10 per unit of

tinme. [007907Bhch Jhrchopme sndiofdwoawaste fluidisupply BiPps 8¢ is sonnecteddfect ed
to the b td o of ] h.28, i |
0 the Dot uBish! peitiof oftthg enfegg\fi{;h%ﬁ% 3918 a %agt@ﬂﬁﬁﬁ@ﬁr}pptﬂelﬂ% 20801y

pi pe 203 1s branc romt uric acid transportatio

t he ot her isrfdenchéd fitve the selfuric abid dpaspoptatéon pipe, 78,cndithe otheremdsed in
2 vaste 11t ankee A0 oYy $hpa0 202! SoPRY LAIFSALERPREh Wkl ild YBRK St ©
204. Valves 205 are provided respectively on the waste fluid supply pipes
202, 203, and when the valves 205 are operated, concentrated sulfuric acid
inside and the reaction bath 10 and the cooling bath 260 is supplied to the
waste fluid tank 204 as a waste fluid. Further, a fluid level sensor 206 is
provided in the waste fluid tank 204.
[0079] Gas exhaust lines 79 are attached to the raw material bath 40 so
as to exhaust a gas such as water vapor produced in the raw material bath
40 to the outside the sulfuric acid recycle apparatus 201.
[0080] Pump driving air is supplied to a pump constituting the sulfuric
acid recycle apparatus 201 via a valve 207, and a driving air is supplied to a
valve, and other driving units via a valve 208.
[0081] According to the second embodiment, the sulfuric acid recycle
apparatus 201 is contained in a casing 210.
[0082] An external configuration of the casing 210 is illustrated in Fig. 6.
Fig. 6(A) is a front view of the casing 210, and Fig. 6(B) is a side view of the
casing 210. In the same figures, the casing 210 is formed of substantially in
a box shape, and comprises a body 210A in which the reaction bath 10, the
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202, 203, and when the val ves 205 are operated, concentrated sulfuric acid
i nside and the reaction bath 10 and the cooling bath 260 is supplied to the
waste fluid tank 204 as a waste fluid. Further, a fluid_| evel sensor 206 is
provided in the waste fluid tank 204. [0079] Gas exhaus?? FepuaryZ908; o
attached to the raw materi al bath 40 so as to exhaust a gas such as water
vapor produ F é{] 6 bath . 40 to th outmﬂ_fﬂ}; sulfurlc
acid recycio® 1§§p]é? § E‘ rF"ﬁHﬁuHﬁng AREeROETY QaT'g sedq cagtexs punp
constitutingmp fiﬂnmeﬁuaﬁ GhelRivfbr! SGHEEE oR RIS 2204 had saogﬁéféezfé@ and

adriving air is supplied to a valve, and ot her r|V|n? units via a val ve

208. [0081dispessey 8t mertions tdosse bo rthectastetsn3HOB. ¢ Rhessnlfuric caclattlr@cydeycl e
0
cont1 gur atrrgpuf BULHARSA', the BRI ZAb cart §E Hdndlirte] B AR arbiprary,

front vi evplate bpe¢hezastegys 210B witth dzsg, afid B) carsbe fixedeo thewrbftraheplacasi ng

210. In t e ane flg gio the casing 210 is fornmed of substantially in a
box shape, SORBETSEL0G: hody 210A in which the reaction bath 10, the 21

22 Febr Uar[!)O@QPG C @bkt dOf Rhé %d?nﬂilém @t AhleefrofiP BehtraligortiofBakE Neftar e

housed, casters 210B provided on | ower surface of the body 210A and
stoppers MEET pRrdisssate o peindosris2tl srade of @ Heanslucent merober sueh 881 furi c

aci d r_ecy%ﬁss %Ppagéeﬁiléﬁe 49t ﬂ&&ﬁ@gf Zt%t&"su?@%' 109 %G}ng@'??lbggﬁf%??%eed to

an arbitr y the caster ease i xed to
the arbit rsnifurpd: acid rdwyc]terma}mmppeﬂﬁlzﬂﬁ@xa[tﬁ)ﬂ%]anmwaﬂen pane] 124 2ofory 210A

t the front tral t d t t t d 211
mmde of | dheERGPECeHY Sandcpudiie, iS progBl Sn B gt} Shber MR DR dRer (e
casi ng 21(bodi 210A. f Arschpgindid vigw bfthessillfwnit acidciabytRCySparat@p20af i 201,

for exanple, an operation panel 212 for pe I ng val ves and,punps, is
provi ded APOTAHOR; witomy pap W??@Ppoﬁwiﬁﬁ'g Myom flony RrosedwEesc areew of

t he sulfurﬂeﬁr%ﬂeﬂgﬁme éﬁ?&ﬁbﬁt phhef@ip. an operation button, an operation

switch, and operation p dures are represent ed on the o eratlon anel

212. [oosztpo&ﬁ]s sulTfhe |sulfm1cd agisk aceonding dot the imedt obfthenhe
L nvention 4 Seh86NC e et YRR bt dntidily LRe tﬁ%”%aﬂ?e” ’lﬁ'énﬂért BE {hd Sfirst

embodiment of the invention, and hence a difference therebetween is briefly
and mainly described hereinafter.

[0085] Firstly, the wafer cleaning waste fluid A which is lowered in
concentration of sulfuric acid and has a prescribed temperature, e.g., 150°C
upon completion of the cleaning process is supplied to the raw material bath
40 by a raw material transportation pump 75B at a prescribed speed. The
wafer cleaning waste fluid A which is once stored in the raw material bath 40
is injected into the reaction bath 10 at a prescribed speed, e.g., two liters per
ten minutes. Accordingly, the quantity of the wafer cleaning waste fluid A
inside the reaction bath 10 is kept substantially at a constant level.

[0086] Although the wafer cleaning waste fluid A injected in the reaction
bath 10 flows through a gap defined between the lower end of the first
partition plate 11A and the bottom surface 10A of the reaction bath 10 to
spaces between the first partition plate 11A to third partition plate 11C, it is
gradually heated by the first to third heaters 204, 20B, 20C at a temperature
ranging from 150°C to 315°C so that water and the like contained in the

wafer cleaning waste fluid A are moved to progress concentration of sulfuric
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enbodi nent of the invention, and hence a difference therebetween is briefly
and mai nly described hereinafter. [0085] Firstly, the wafer cleaning waste
fluid A which is lowered in concentration of sulfuric acid and has a
prescribed tenperature, e.g., 150C upon conpletion of ThEP&ExA0Rg process
I's supplied to the raw material bath 40 by a raw material transportation
punp 75B at _a prescribed speed. The wafer cleaning waste fluid A which is
once store¥fidn the raw naterial bath 40 is injected into the reaction bath

10 at a PI%08Y] bed ’ﬁﬂ?%nc@?ﬁate& V\Qﬂiﬂ.tti@rz?ciigieg Rbfﬁingﬂni’ﬁeﬁée ﬁgg%dﬁ%ggl Y

the quantity ot the wafer cleaninhg waste I nside t bat h
10 i s keptmsnbst ansupplied &t the cerlimhath 26@ fromh dbedischarzepoht 18ef wheer

cl eani ng wastge fl,ui i.njected in the reacti Jbat h | ows _t.hr h a
Gap. et - nadatpnD b tREGEH thy toncimb R sfunNia sl SREHET 7 (e
o ) i SRE bW R Tbld o0 e o 0
partition plate 0 r artition plate 11C it is radua eate
by the firdggreeof ﬁpelameetéltféesozm} VEB’B,&‘ZE?C?(&PSBQQ @Tﬂé@faagpént&tméitﬂs_from
150C to 3_%3&@81;1%‘8@& é‘}%hﬁfic apdd L Reihdilie ARNIBLRAE bitd 0 \ﬁgfl?ézptc'a%aal ng
waste fluid A are noved to progress concentration of sulfuric 22 22

February 20@8cribed levdgldnsiie fiued devel venserse85Euovided tr thie roolingbash i n

t he foregaqj nner. 1.s.S | i t 0 1.henCcQohi b ¢ t .

di schar geQépo “t (ffmf%tratje@g?ﬁ%ﬁmbg%@ ?09?9%%@)3&@%{5&@% ebn ra g(c)i 18
about 150G 110 the £opl L na. Balh S0, A dearce f gpen o of he Lourth
about i.p the cooling bat, 0. ree of ope t he fourt

val ve 94 i%‘lﬁﬂj“iuéfléldtr%s w&@tla_ncmﬁtﬁ gugit i, mixe w@h&%&ﬁe&ew%@?ﬂe aci d
B inside tQpufioRih e Rphfer PPOcdsSineEBALIR1 00 whiRSE id PbrlePufld BY atWigfer! Ui d
| evel sensors 85E provided in the cooling bath 260. The concentrated

sul furic sdeaniBgdbaiddd. i n the cooling bath 260 is supplied to the wafer

processin 10 : 0 u lﬂﬁﬂl I Eco al :
transportgtolhgﬁj]pi p%@ér%lﬂg Wn?lslgmsééez’éﬁw%ﬁ y reggezlléﬁr x@ie fog% ulPFon in
t he waf er qunstestiong thatfolld®hgvimaidrns and redpeteecan bd achievadhherweltlagani ng

LR N TR T O T M SRR L
as (13) Since the waterdrop storage bath 17 is provided along the
circumferential surface of the inner wall of the reaction bath 10, it is possible
to prevent concentration of the concentrated sulfuric acid B from lowering or
a quality of the concentrated sulfuric acid B from deteriorating when water
and the like which are once removed from the wafer cleaning waste fluid A
are mixed again with the concentrated sulfuric acid B.

(14) Since the sulfuric acid tank 101 and the sulfuric acid
transportation pump 77A are provide and fresh sulfuric acid is supplied to
adjust concentration of sulfuric acid, if need be, concentration of the
concentrated sulfuric acid B obtained in the reaction bath 10 can be
increased with ease when it is lower than a desired value.

(15) Since the cooling bath 260 is provided, he concentrated
sulfuric acid B can be transported to the wafer processing bath 100 after the
concentrated sulfuric acid B having a high temperature is cooled to a
prescribed temperature upon completion of the concentration process, and
hence a bad influence is not exerted upon the pump 70 and the like.

(16) Since the cooling bath 260 comprises the inner side sealed
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those of (1) to (6), (10) to (12) of the first enbodi nent of the invention.
(13) Since the waterdrop storage bath 17 is provided al ong the
circunferential surface of the inner wall of the reactign bath 10, it is
possi ble to prevent concentration of the concentrated g%PF‘EWP‘é’%Q@de B from
|l owering or a quality of the concentrated sulfuric acid B from

deteriorati ng when water, . and the_li ke ich are ce rempved fromthe
waf er cl eafinignRrstel andithe Q“t%r%dﬁﬁﬂﬂﬁghéﬁéfﬁwgﬁat@ edledmatar gws
sul furic aghduBh thtBpack @Eettutb%nsﬂﬂefsé”cbﬁta?iﬁﬁiéﬁ ?@-ﬂk%@.q%oél‘i‘ﬂg efRcHead Bei C

acid transportation punp /7A are provide a resh sulfuric acid is
suppl i ed tenhanigedshy Jowieg fluid,and beneatheseicontaingr need pebdeiseoled by a

ban 10 caliis Sshiiy oK SRS A AEE SRR Fhofa Ry ol PR GAbl 20 BRAETT O

(15) Sincesizbg. cooling bath 260 is provided, he concentrated sulfuric acid
B can be transporte o lhe fer, processing bath,1 after the .
concentrated sul f ur(ﬁgs aﬁﬁc%g\ﬁ'%f\?it‘ﬁ’& tempperatiire side 8]8% TPac E%F]J@Bh 48 1§
prescri bedsdiePestindre tHRA31690Ph $hhfidl lof 1€ A56E Ky fHd Riackiondnsh isand
hence a bad influence is not exerted upon the punp 70 and the like., (16)

Si nce t he Belblimitpddie o hidofirenesistive materialiherebyipreventing the vnitferayar y

2006 contaj R 2 t er s seal - Al I wat er
Flows thr boieerizednd Uk FRHifro lcE S BOMAL RohpeifyBBtn SRt Bl

ef fect canrdaetioartwthcHliduyotf lessthan 1 507@, sulfukibanidecanventratinmt efficancyeed
not be coo a | e antity of.gool,ed water.. thereb nderi.ng t he
cool i ng ba&‘ﬁ%f%agﬂﬁlq%gifp oh ec(oi%s E{ébet@rﬁ%pﬁﬁ@%epg%qﬁ%g@%p e the
reacti on bgfféetlO0 is set at not nore than 315C, a material of parts used

for the reaction bath is, not limted to a  high fire-resistive erial,
t hereby preventing @8 Singe theyamoynt gf {huids ipgidg ec‘iﬂ?ﬁt‘@?.bqibpm € sjnce

a heating fﬁgﬁﬁé&&-}m%dtﬂ%@eﬂﬁ‘ﬂm bl %te}ﬁ@e@ abb chitrofibd 1358 pliadlit}y>0C,

sul furic acid concentration efficlenc ydration efficiéncy) becones

hi gh, t herebiluishiesichisegsersp8ade86Pyi8aFh gt iefrossible ta spfitriantlyt effeckithent of

cool i ng bettheshlaioEr BhicBRe AF b brieribaf apbfh AR Sso BoskME d Brelil e

wafer cleaning waste fluid A and the concentrated sulfuric acid B from

overflowing the reaction bath 10, the raw material bath 40, and the cooling
bath 260.

(19) Although the aspirator 230 has a construction to suck air
inside the reaction bath 10 by water which flows through the suction pipe
230A and the drainpipe 230B, even if small quantity of sulfuric acid is mixed
with the sucked air, sulfuric acid is stored in water inside the water tank
230D. Accordingly, sulfuric acid is not discharged to an atmosphere, and
hence it is convenient in an environmental point of view.

(20) Since the sulfuric acid recycle apparatus 201 is housed in
the casing 210 having casters, the sulfuric acid recycle apparatus 201 can be
transported with ease as a whole.

[Example]

[0089] An example for confirming the effect of the sulfuric acid recycle
apparatus according to the second embodiment of the invention is described
as follows.

[0090] In this example, the inside of the reaction bath 10 having a
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of fluid I evel sensors 85C, 85D, 85E, it is possible to sufficiently effect
the concentration process at a prescribed speed, and al so possible to
prevent the wafer cleaning waste fluid A and the concentrated sul furic
acid B from overflowing the reaction bath 10, the raw Aafeuary 3896nh 40,
and the cooling bath 260. (19) Al though the aspirator 230 has a

construction to syck_air .Jinside the reactjon . bath 10 b er which fl ows
t hrough t rr@p@ewiog%-%ﬁﬁ%rs lmre\agﬁcprteﬁ@ﬂﬁ?%}lﬁﬁlas %ra%v‘éﬁﬁﬁmpeﬁure

quantity off ledthtd) Gn@Qest feidok2diters i) sh%ﬁli&dl sl thbfraws Hidterial bagh i s
stored in water_ inside the water tank 230D. Accordi ngl é_, sulfuric acid is
|

not di schaAbaving anapaciticphd lisersatodhetreaction bath 104ay dRireimutes afifter

envi ronne I ' [,eW.:( e ' ' 0 : ar at us
201 1 5 nodtBdeRh1tid S ndidlinstRestRaTbhUE1 8 tod Wprbschied P LEGRRETI 7, |
appar at us i204 sopplibé totthensptingdshthi 260 aadea asmplevAuia of PHiterplietakfp089]

An exanple for confirmn he eftfect of sul furic acid recycle

appar at us %c%gr%ﬂrﬁgiecsg[lrpﬂ’ehﬁee ngg%‘gﬂ?%‘gﬁ? aspamplg qo %‘Hter'on*ﬁg aPOYE: | bed
as foll O‘NZproEQ@l%islﬂéprteﬂ XA Emih s fSnies he thder eaction bath 10
having a 24 22 February_ 2006 capacity of 5.5 |iters is set at a_prescribed
heati ng t d8B8tht ur SRecHiparavitye of oyulfatie eadyl inhe samplepentginer |i8; or 5
i's suppli [ . [ [ f fters to
t he react f‘%rl]&ggiﬁ%& ?g Q%\r/\bﬁ%gyrﬂ%{s?% %?ltd gl?a‘la?l e&’t(i}1 gg?ﬁﬁ@%ﬁd&iy%@gg%tﬂeddﬁi n the
reacti on beptehificOgiavityeofpt.884r | The rpeultad thé testis shown asfodlowsd.i ed to the
cooling b 26 glgd a sanple fluid of 2 liters is taken out as sanples
fromthe ar“h‘a ®odth 260 to a sanpl e contai ner. The above procedure is
repeated every 20 MivattEhaif osudfigiconeid Mdving [ &RRehtrEpie ol cBY 5%y idty aof

sul furic acid in the @gﬁ}rg&e container is calculated on the basis of :

sul furic dempPerataree ntration of 98 % and a specific gravity of
1.834. The result dfedfae sbffhe témpbPIRrasigded ows. [Exanple 1] Test Fluid:

sul furic acid havi Qﬁ concentration of 83.5% at a tenperature of 55C
me reaching the setting temperature; 40 minutes;

The result is represented by Table 1

[Table 1]
Test Fluid | Sample 1 | Sample 2 | Sample 8 | Sample 4 | Sample 5
Specific 1.7359| 1.7634| 1.7662| 1.7656| 1.7653| 1.7636
Gravity (g/ce)
Concentration 83.5 87.3 87.7 87.6 87.6 87.3
(%)
[Example 2]

Test Fluid: sulfuric acid having concentration of 81.7% at a
temperature of 45°C

Heater setting temperature; 190°C

Time reaching the setting temperature; 45 minutes

The result is represented by Table 2

[Table 2]
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Test Fluid: sulfuric acid having concentration of 84.6% at a

temperature of

55°C

Heater setting temperature; 200°C
Time reaching the setting temperature; 55 minutes
The result is represented by Table 3

[Table 3]
Test Fluid | Sample 1 | Sample 2 | Sample 3 | Sample 4
Specific 1.7439| 1.7703} 1.7712| 1.7711| 1.7706
Gravity (g/cc)
Concentration 84.6 88.3 88.4 88.4 88.3
(%)
[Example 4]

Test Fluid: sulfuric acid having concentration of 91.5% at a

temperature of 120°C

Heater setting temperature; 230°C

Time reaching the setting temperature; 29 minutes
The result is represented by Table 4

[Table 4]
Test Fluid | Sample 1 | Sample 2 | Sample 3
Specific 1.7933 | 1.8145 1.816 | 1.8168
Gravity (g/cc)
Concentration 91.5 94.4 94.7 94.8
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(9% [Exanple 4] Test Fluid: sulfuric acid having concentration of 91.5% at
a tenperature of 120C Heater setting tenperature; 230C Tine reaching the
setting tenperature; 29 mnutes The result is representfg b1¥1 T Ig 4
[Tabl e 4] Test FluidSanple 1Sanple 2Sanple 3 Specific 22 February 200
1.79331. 81451. 8161. 8168 Gravity (g/cc) Concentration9l.594.494.794.8 26 22

February %) apte—5tTest—Fyi-d—stfuri+c-—achd havi ng
concentrati®h of 85 2% at a | enperat ure of 90C Heatef setting tenperature;
230C Tine reaching the setting tenperature; 37 mnutes The result is

represented by Table 5 [Table 51 Test Fl ui dSanple 1Sanple 2Sanmple 3
Speci fi cl.[Exz@dpleR]31. 79241. 7962 Gravity (g/cc)

Concentration85. 29,2 91.9 (20.[0092], It has been found.f t oi ng
exanples 1 10 5 ¢ hatest Bl ardfihid S havings Gntantiaiiin o P A o

t enper at urgenp@ate 6£HPET ature) ranging from 190C to 230C. [0093] The

i nvention is not limted to the first and _second enbodi nents but it can be

modi fied and i mpr oVideatgrisetting tewpgratugea3P&ye the object of the
I nvention. Time reaching the setting temperature; 37 minutes

The result is represented by Table 5

[Table 5]
Test Fluid | Samplel | Sample2 | Sample 3
Specific 1.7479 | 1.7913| 17924 | 1.7962
Gravity (g/cc)
Concentration 85.2 91.2 914 91.9
(%)

[0092] It has been found from the going examples 1 to 5 that test fluid is
concentrated at the heater setting temperature (heated temperature)
ranging from 190°C to 230°C.

[0093] The invention is not limited to the first and second embodiments
but it can be modified and improved within a scope to achieve the object of
the invention.

[0094] For example, although the first to third partition plates 11A, 11B,
11C have been provided inside the reaction bath 10 in the first and second
embodiments, the number of the partition plate 11 is not limited to three but
it may be four. Further, the arrangement of each partition plate 11 is not
limited to that of the first and second embodiments, but it may be
constructed that the partition plates 11 which are provided between two side
walls to be spaced between one side wall to another wall by a prescribed
interval and arranged alternately so that wafer cleaning fluid flows in zigzag
in the reaction bath 10 in horizontal direction toward the discharge port.
Further, although the inclination plate 16 is provided in the reaction bath 10
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[ 0094] For exanple, although the first to third partition plates 11A 1113,
11C have been provided inside the reaction bath 10 in the first and second
enbodi ments, the nunber of the partition plate 11 is not limted to three
but it may be four. Further, the arrangenent of each p&?f??ﬁ“é‘ﬁ%ﬂoéte 11 is
not limted to that of the first and second enbodi nents, but it may be

constructed that t.h artitio | at.es .11 which are ovi ded bet t Wo
SRy RIS A S e JE I R R
prescri bedindinalonapladd d62r Farfes phidlioepRitss and thtinehhatioflpatd mayf | ui d

flows in zigzag in the reaction bath 10 in horizontal direction toward the
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t he reacti th 7 F fﬁﬂ]} V, I L1 te
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L Ehougn +mesnBe BuPeingd, with 2yl & Remiiihs Rgten Apa By FRReR AR Rk ey
provi ded. Flutionaheén e @easedBi RRcomMpFbdsion ed Puithed, Withodgdl themovi ng

wat er and hydrogen peroxide. solution when it incregses in deconprgession.
Further, arekysgapskerasshathdlols Bayidgbshas ko eoverst Fdepréignf the cover

t he | owner ' ' : ol b tghelO, it
my not bebey Alhafke pBf, 1987 (He3LIRIGEREY 10l Blay 6t bERFLIEARINA the
provi di ng reeetioatlatlr th sForthge, theapésitizn fery prdviding the waterdopratiomnget he

entire peryphe of the side,surfac of. the.react.iQn.b I f ] overs
The upper DRYE 1L ATH ToReRARBIE A1Ehd ort the AR eCROHbRL B theede mirfa i) 2
gﬁs gl scﬂam@&maui%g.bﬁgrlmhmit cbh?sﬁ!bﬁiﬁﬂpﬂi%ioiltﬁémerﬂﬂ_sddm@ed _imﬁﬂﬁrt 12,
t he di schar ort and t as di,scharge por.t ovided in.the
reaction b%’gﬁtﬁﬁi%ﬁ’%r Rextien Prﬁl'g?:lg?%fl{sﬁg?léggq P&'@H&-fﬁ%‘&i’ﬁﬁ eod sof
embodi ment ﬁmebﬂitr&'dl&%idﬂi%oﬁel?; &he Qﬁ@ﬁd’x%é ¥t 18 Qﬁ%ﬁﬂhe%éé@iéﬂﬁaﬁéégﬁﬁt haat er s,
nanmely, first to third heaters 20A, 20B, " 20C are praovi ded inside the
reaction bpravided iin theerqaction hath d@cerednot kiseitedeie: thosenin haerfiast @nd; he

neat et 1 Mgl GRS AUISR el My bl Bl 01 healer 1o st

defi ned by[0096] par tAlthough thyeé¢ heapans; namehy, fitst de, thieh eaters| 304, 203y t her,

the heati Sod n‘j:ut'e iI;stIO eclI iixrpéitd%d t}tlg lterz]l%ho}’lm | g{h ifO r}relatl;}‘%e(ej first and second
embodiments, the number of the heater is not limited to three. That is, the
number of heaters is set at arbitrary number which is determined by the
number of spaces which are defined by the partitioned by the partition plates,
and the like. Further, the heating unit is not limited to that which is heated
from the inside thereof as set forth in the first and second embodiments but
heating units which can heat the reaction bath from the outside can be used.
Still further, the number of each temperature sensor 80 and each fluid level
sensor 85B may be set at appropriate numbers depending on the number of
the reaction bath to be used.
[0097] Although the raw material bath 40 is used in the first and second
embodiments, it may not be used particularly. That is, a construction
wherein wafer cleaning waste fluid can be injected from the wafer processing
bath directly to the reaction bath can be employed.
[0098] Still further, although adjustment of concentration of the
concentrated sulfuric acid B is effected by injecting fresh sulfuric acid in the
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fromthe inside thereof as set forth in the first and second enbodi nents
but heating units which can heat the reaction bath fromthe outside can be
used. Still further, the nunber of each tenperature seEi%r 80 ?j"{bﬁ each
fluid |l evel sensor 85B may be set at appropriate nunbe 8 on the
nunber of the reaction bath to be used. [0097] Although the raw mat eri al

bath 40 is used in |rst 3n§ ond nment s, {; ot bengsed
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enpl oyed, §ool ‘;E)mﬁbtlsb‘émp owede@spthe goeling Hnig né? h nfg #hggﬁil $85oRdy be
enpl oyed. é}ﬂQ«%ﬁl%elﬁsCQﬁ%ile&?olE&P%ﬁé étfb‘lir&'hm@ﬁﬁ[@B@eﬂiﬂo&é@ | $#iR fhfther,
carrying out t i n¥ention ma hanged to other constructjons which
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Egﬁczﬁiﬁg‘[#“@%c%ﬁiq er[ }c{ﬁé ﬁpgr %ﬁ%ﬁomrl ses the reaction bath for

[00100] A concrete construction, a shape and the like for carrying out the
invention may be changed to other constructions which achieve the objects of
the invention.

[00101]  According to the invention, the sulfuric acid recycle apparatus
comprises the reaction bath for concentrating sulfuric acid in the wafer
cleaning waste fluid and a supply unit for supplying thus obtained
concentrated sulfuric acid to the wafer processing bath. Accordingly, water
in the wafer cleaning waste fluid and hydrogen peroxide solution can be
concentrated and removed so that the thus obtained concentrated sulfuric
acid is supplied to the wafer processing bath, which can be utilized for
cleaning wafers. Further, it is possible to continuously effect cleaning of
wafers, concentrating of sulfuric acid in the wafer cleaning waste fluid, and
recycling of concentrated sulfuric acid, which is very efficient. As aresult, a

cost involved in a wafer cleaning process can be reduced.
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cl eaning waste fluid and a supply unit for supplying thus obtained
concentrated sulfuric acid to the wafer processing bath. Accordingly, water
in the wafer cleaning waste fluid and hydrogen peroxide l.utio n be
concentrated and renoved so that the thu% obt ai ned conc%i??%‘@é’rbso@gfuri o
acid is supplied to the wafer processing Bath, whi ch can be utilized for
cl eani ng wai@{$ is fiiniddgE, 1t is possible to continuously effect cleaning of
waf ers, concentrating of sulfuric acid in the wafer cleaning waste fl uid,
and recycling of coricenArsatferic scldfracyiote appacitusafor cécyicing sulfjuréf ddidient . As a
result, a cost involved in a wafer (:I_eani]%?}_i %3 ess cgn be reduced. 29 30
I

22 Febr uar ya X3t ajeaing Quid|pippased by mixing gu AN YGTOSERRF IS har at us

for recycli ic.acid in a wafer cleaning fluid prepared by m xi ng
sul furic ac?@ug%éﬁﬁyfgﬁ%@n peroxi de solution conprising: a reaction bath

10 havi ng two openi ngg réstioR Gadf 10Bhavigasto epeningstfoxmkdcsf atdegsbadt 12 and a
di scharge port 13 for obtaining concentrated sulfuric acid b

LT, Y. .
concent r at i igrodustian part 42 iaad p dissharge @ertcl3len rh@inipg eencenigated seifriduced

f he intr. ' et f . ' ,
then schardehgopeBne syt & SR s Mof Pl SLSAREED B 070S
13, a vaf er 4p06R S ohcRsh Bort A2 dpoh cBAPEAdAIONG WFECHSaniAR frodesy fitny uni t

for supplying the concentrated sulfuric acid to the wafer processing bath
100. 2. Thedsuhdrgingchacimtenteargd bwlfuxjppaidifrom the dischiangg pod 18;ai m 1,  wherein

the reaction bath 10 incl udes therei ating units 20 for heating the
waf er cl eani ng waste PIWAF @Hﬁeséméi’éa’dr@c érpg@eﬁ%’?& wf[lg?r?’cﬂnddi scharging a

gas produced 11 om t he yliehf AR AN NEHEohbdthioGitubi ol Baé ed by Lhe

heating wunit 20; and a cking the gas is connected to
the gas di sehapyecessing bdh.108. The sul furic acid recycle apparatus

according to Caiml or 2, wherein the reaction bath 10 includes therein a
plurality of partitiod- plEheelfpnic peid regyedmeppatatinacsatting ihgladmrlact i on of
the wafer CIW gpeiir? e\’\r%asétleonftlaﬂl 90 in‘fjlc:i"u%leéfjl therein heating units 20 for heating the

wafer cleaning waste fluid and a gas discharge port 14 for discharging a gas

produced from the wafer cleaning waste fluid when it is heated by the heating

unit 20; and

a suction unit 30 for sucking the gas is connected to the gas

discharge port 14.

3. The sulfuric acid recycle apparatus according to Claim 1 or 2,
wherein the reaction bath 10 includes therein a plurality of partition plates 11 for
changing an advancing direction of the wafer cleaning waste fluid, and an
inclination plate 16 positioned at a portion closer to the gas discharge port 14
than the partition plates for allowing the concentrated sulfuric acid to flow along
the surface thereof.

4. The sulfuric acid recycle apparatus according to Claim 3,
wherein the inclination plate 16 has irregularities on its surface.

5. The sulfuric acid recycle apparatus according to any of
Claims 1 to 4, wherein the reaction bath 10 has a waterdrop storage bath 17 for
preventing waterdrop attached to a ceiling surface of the reaction bath 10 from

being mixed with the concentrated sulfuric acid.

6.  The sulfuric acid recycle apparatus according to any of



inclination plate 16 positioned at a portion closer to the gas discharge
port 14 than the partition plates for allow ng the concentrated sul furic
acid to flow along the surface thereof. 4. The sulfuric acid r

apparatus according to Claim3, wherein the inclinatiof? BFUP& %g%f%
irregularities on its surface 5. The sulfuric acid recycle appar at us

accordi ng any |ns 1.t erel the reactio
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surface ofsd]ﬁg-l@ gédt i on bath 10 from being m xed with the concentrated

sul furic acid. 6. The | furjc acid recycle apparatus accordipg to a y of
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according to any o al ns rern heating tenperature in the
reaction tﬁtblhl]ﬁﬂr@ttgééO"ﬁom 150 Cto 350 T. 31
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